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HETEROCYCLIC THIOE5TERS AND KETONES 

This application is a continuation-in-part of U.S. 
Patent Application No. 09/721,765, filed September 25, 
1996, the entire content of which is herein incorporated 
by reference . 

BACKGROUND OF THE INVENTION 

1 . Field of Invention 

This invention relates to neurotrophic low molecular 
weight, small molecule heterocyclic thioesters and 
ketones having an affinity for FK3P-type immuncphi 1 ins , 
and their use as inhibitors cf the enzyme activity 
associated with imxunophi 1 m proteins.. particularly 
pept idyl -prolyl i some rase , cr rctamase , en cyme activity. 

2 . Description of Related Art 

The term immunophi 1 in refers tc a number cf oroteins 
that serve as receptors for the principal 
immunosuppressant drugs, cyclosporin A (CsA) , FK506 and 
rapamycin. Known classes of immunophilins are 

cyciop:.i 1 mi and 7K506 binding proteins, cr FKBPs . 
Cyclosporin A binds to cyclophilin A while FK50 6 and 
rapamycin bind to FKBP12 . These immunophilin-drug 
complexes interface with various intracellular signal 
transduction systems, especially the immune and nervous 
systems . 
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Immunophilins are known to have peptidyl -prolyl 
isomerase (PPlasei, or rotamase, enzyme activity. It has 
been determined that rctamase enzyme activity plays a 
role in the catalyzation of the mterccnversion of che 
cis and trans isomers of peptide and protein substrates 
for the immuncphilm proteins. 

Irntnunophiiins were originally discovered and studied 
in the immune tissue. It was . initially postulated by 
those skilled in the art that inhibition of the 
inmunophilms' rotamase activity leads to inhibition cf 
T-celi proliferation, thereby causing the 
immunosuppressive activity exhibited by immunosuppressant 
drugs, such as cyclosporin A, FKSCt and rapamycin. 
Further study has shown that the inhibition of rotamase 
activity, ir. and of itself, does not result in 
immunosuppressive activity. Scnreiber et ai . , Scier.ce, 
- - - - ' py • msteac, immunosuppression 

appears :c stem from the fcrmuiacicn of a complex of 
immunosuppressant drug and immuncphiiiri . It has been 
shown that the immunophilin-drug complexes interact with 
Ternary protein targets as their mode of action. 
Schreiber et al . , Ceil, 1991, vol. 66, pp. 807-815. In 
the case of FKBF-FK506 and cyclophilm- CsA , the 
immuncphilin-drug complexes bind to the enzyme 
caicineurin and inhibit the T-cell receptor signalling 
which leads to T-ceil proliferation. Similarly, the 
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immunophiiin-drug complex of FK3? - rapamycin interacts 
with the RAF7I/FRA? protein and inhibits the IL-2 
receptor signalling. 

Immuacphilins have beer, found to be present at high 
concentrations in the central nervous system. 
Immuncphiims are enriched 10-50 times more ir. the 
central nervous system than in the immune system. Within 
neural tissues, immunophilins appear to influence nitric 
oxide synthesis, neurotransmitter release and neuronal 
process extension. 

It has been found that picomciar concentrations of 
an immunosuppressant such as FK305 and rapamycin 
stimulate neurit- outgrowth in ?C12 ceils and sensorv 
neurons, namely dorsal root ganglion cells i'DRGsi . Lyons, 
e - a - • ■ - r roo. or* Uazl . Acad. Sci . , i?94, vol. 91, cc 
3 1 ? 1 " - 1 - - • whole animal experiments, FK5G€ has been 

shewn -r stimulate nerve regeneration following facial 
ne rve i n 1 u rv . 

Surprisingly, it has been found that certain 
compounds with a high affinity for FK3?s are potent 
rotamase inhibitors and exhibit excellent neurotrophic 
effects. Furthermore, these rotamase inhibitors are 
devoid of immunosuppressive activity. These findings 
suggest the use of rotamase inhibitors in treating 
-arious peripheral neuropathies and enhancing neuronal 
regrowth in the central nervous system (CNS) . Studies 



v 
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have demonstrated that neurodegenerative disorders, such 
as Alzheimer's disease, Parkinson's disease and 
amyotrophic lateral sclerosis (ALS) , may occur due to Che 
less, or decreased availability, of a neurotrophic 
sucstar.ee specific for a particular population cf neurons 
affected ir. the disorder. 

Several neurotrophic factors affecting specific 
neuronal populations m the central nervous system have 
been identified. For example, it has been hypothesized 
tr.at Alzheimer's disease results from a decrease or loss 

ci nerve crewt n ~=>cr^~ 'm/~f» u-~ 

w.i ,NGt, . has thus Deer, proposed 

to treat SDAT patients with exogenous nerve growth factor 
or other neurotrophic proteins, such as brain derived 
grown- factor, glial derived growth factor, ciliary 
neurctrophic factor and neurotropic- 3 , to ir.cr^as- <-^« 
survival cf degenerating neuronal populations. 

--mica, application of these proteins in various 
neurological disease states is hampered by difficulties 
in the delivery and bioavailability of large proteins to 
nervous. system targets. By contrast, immunosuppressant 
drugs with neurotrophic activity are relatively small and 
display excellent bioavailability and specificity. 
However, when administered chronically, immunosuppressant 
drugs exhibit a number of potentially serious side 
efrects including nephrotoxicity, such as impairment of 
glomerular filtration and irreversible interstitial 
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fibrosis {Kcpp et al . , J. At?. Soc. Nephrol., 1991, 
1:162); neurological deficits, such as involuntary 
tremcrs, or non-specific cerebral angina, such as non- 
localized headaches (De Groen en ai . , N. Engl, J. Med. , 
1937, 317:361); and vascular hypertension with 
complications resulting therefrom (Kahan et al . , N. Engl. 
J. Med. , 19S9 , 321 : 1725) . 

To prevent the side effects associated with use of 
the immunosuppressant compounds, the present invention 
provides ncn - immunosuppressive compounds containing small 
molecule FKB? rotamase inhibitors for enhancing neurite 
outgrowth, and promoting neuronal growth and regeneration 
in various neuropathologies! situations where neuronal 
repair can be facilitated, including: peripheral nerve 
damage caused by physical injury or disease state such as 
diabetes; physical damage to the central nervous system 
; spinal cord and brain; ; brain damage associated with 
stroke; and neurological disorders relating to 
neurodegenerat ion, such as Parkinson's disease, SDAT 
(Alzheimer's disease; and amyotrophic lateral sclerosis. 

SUMMARY OF THE INVENTION 

The present invention relates to neurotrophic low 
molecular weight, small molecule compounds having an 
affinity for FKB? - type immunophii ins . Once bound to 
these proteins, the neurotrophic compounds are potent 
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inhibitors of the enzyme activity associated with 
immuncphiiin proteins, particularly peptidyl -prolyl 
isomerase, or rctamase, enzyme activity. A key feature 

of che compounds of the present invention is that they do 

not exerz any significant immunosuppressive activity in 

addition to their neurotrophic activity. 

Specifically, the present invention relates to a 

compound of formula II: 



L CK 2 J n 




II 



or a pharmaceutical!-/ acceptable salt thereof, wherein: 
n is 1 or 2; 
X is 0 or S; 

Z is selected from the group consisting of s, CK,, 
CHR, and C(R t ) 2 ; 

R : is selected from the group consisting of C-C« 
straight cr branched chain alkyl, c a -C s scraight or 
branched chain alkenyl, Ar t and mixtures thereof, wherein 
said R, is ur.substicuted or substituted with halo, nitro, 
C.-C, straight or branched chain alkyl, C,-C 5 straight or 
branched chain alkenyl, hydroxy, C : -C 4 alkoxy, c 2 -C, 
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alkenyioxy, phencxj-, benzyloxy, amine, Ar, cr a mixture 

P- : is selected from the group consisting of c -C 9 
straight cr branched chain alkyi , C : -C 9 straight cr 
5 branched chain aikenyl, C 3 -C, cyclcalkyi, C 5 -C. 

cycicalker.yi and Ar : ; and 

Ar : is phenyl, benzyl, pyridyl, f lucrenvl , 
chicindclyl or naphthyl wherein said Ar. is unsubst ituted 
or substituted with halo, hydroxy, nitre, C.-G, straight 
10 cr branched chain alkyl, C : -C, straight cr branched chain 

a.xeny. , C.-C« alkcxy, C : - C. alkenyioxy, phenoxy, 
benzyicxy, amino cr a mixture thereof. 

The present invention also relates to a 
pharxaceut icai composition rcrr.tr is mc : 

■ 1 * sn effective amount of tne compound of claim 1 

for effecting a neuronal activity; and 
;ii; a pharmaceut icaily acceptable carrier. 
The present invention further relates to a method of 
effecting a neuronal activity in an animal, comprising: 
20 administering to the animal an effective amount of 

the compound of formula II. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FI3. 1(A) is a representative photomicrograph of 
25 untreated sensory neurons. 
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FIG. KB) is a representative photomicrograph of 
compound 1 (10 pM ) promoting neurit- outgrowth in sensory 
neurons . 

FIG. i(c) is a representative photomicrograph of 
compound 1 (i nM) promoting neurits outgrowth in sensory 

neurons . 

FIG. i(D) is a representative photomicrograph of 
compound I (1 uM) promoting neurite outgrowth in sensory 
neurons . 

FIG. 2 (A; is a representative photomicrograph of 
untreated sensory neurons. 

FIG. 2 is; is a representative photomicrograph of 
compound ? (10 pM) promoting neurite outgrowth in sensory 
neurons . 

FIG, 2(C) is a representative phc ccmicrograc-h of 
compound 9 ii nM) promoting neurite outgrowth m sensor/ 
neurons . 

FIG. 2<D) is a representative photomicrograph of 
compound 5 (ICO nM) promoting neurite outgrowth in 
sensory neurons . 

r^G. : 'k" is a representative photomicrograph of 
untreated sensory neurons. 

FIG. 3(3) is a representative photomicrograph of 
compound 10 (10 pM) promoting neurite outgrowth in 
sensory neurons . 



WO 98/13343 



PCT/US97/15832 



9 
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3{C; is a representative photomicrograph of 
compound 9 (i n.M) promoting neurit e outgrowth in sensory 



neurons 



r " • - 1S a representative photomicrograph of 
compound 9 (ICG r.M; promoting neurit: e outcrrowth in 
senscrv neurons . 



4 presents quantitation for the recovery of TH- 
positive dopaminergic neurons in the striatum of animals 
receiving compounds l, 9 and 10. 

DETAILED DESCRIPTION OF THE INVENTION 
Definitions 

"Ali-cyl" refers to a branched or unbranched saturated 
hydrocaroon main containing 1 to 6 careen atoms, such as 
methyl, ethyl, propyl, iso-prcpyl, butyl, iso-butyi, 
tert -butyl, n-pentyl, n-hexyi and tne like, unless 
otherwise indicated . 

"Aikoxy" refers to the group -OR wherein R is aikyi 
as herein defined. Preferably, R is a branched or 
unbranched saturated hydrocarbon chain containing I to 3 
carbon atoms . 

"Halo" refers to fluorc, chicro , bromo or iodo, 
unless otherwise indicated. 

"Isomers'* are different compounds that have the same 
molecular formula. "Stereoisomers" are isomers that 
differ only in the way the atoms are arranged in space. 
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"Enantiomers" are a pair of stereoisomers char are non- 
supenmposable mirror images of each other. 
"Diasterecisomers" are stereoisomers which are not mirror 
images of each other. "Racemic mixture" means a mixture 
containing equal parts of individual enantiomers. » No r.- 
racemic mixture" is a mixture containing unequal parts of 
individual enantiomers or stereoisomers. 

"Fharmaceutically acceptable salt" refers to a sa^ 
cf the inventive compounds which possesses the desired 
pharmacological activity and which is neither 
biologically nor otherwise undesirable. The salt can be 
formed with inorganic acids such as acetate, adipate 
alginate, aspartate, benzoate, bencenesuif onate 

- ^ - - , _ 1 _ _ 3 _ e , camp no rate 

c a m p h c r s u 1 f z n a t e , cyciopencanepropicnate. d i g 1 u c c n a t e 
ccdecylsui f ate , e t nane s u 1 f c n a t e , fumarate 
giuccheptancace , glycerophosphate, hemi sulfate 
neptanoate , hexancate , hydrochloride hydrocrornide , 
hydrcicdide, 2 -hydrcxyethanesuif onate , lactate, maleate, 
methanesulf onate, 2 -naphthaienesulf onate , nicotinace, 
oxalate, thiocyanate, tosyiate and undecancate . Examples 
of a base salt include ammonium salts, alkali metal salts 
such as sodium and potassium sales, alkaline earth metal 
salts such as calcium and magnesium salts, salts with 
organic bases such as dicyclohexyiamine salts, N-methyl- 
D-glucamine, and salts with amino acids such as arginine 
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and lysine. Also, the basic nitrogen-containing groups 
can be quarternized with agents including: lower alkyi 
haiides such as methyl, ethyl, propyl and butyl 
chlorides, bromides and iodides; diaikyl sulfates such as 
dimethyl, diethyl, dibutyi and diamyl sulfates; long 
chair, haiides such as decyl, lauryi, myristyl and stearyl 
chlorides, bromides and iodides; and aralkyl haiides such 
as benzyl and phenethyi bromides. 

"Phenyl" refers to any possible isomeric phenyl 
racicai, optionally mcnosubst ituted or mulcisubst ituted 
with substituencs selected from the group consisting of 
aikyl, alkcxy, hydroxy, halo and haioalkyl. 

"Treating" refers to: 

:i- preventing a disease, disorder or condition 
rrcm occurring in an animal which may be predisposed to 
tne disease, disorder and/or condition but has net yet 
been diagnosed as having it; 

'ii inhibiting the disease, disorder or condition, 
i.e.; arresting its development; and 

(ill) relieving the disease, disorder or condition, 
i.e., causing regression of the disease, disorder and/or 
condition . 

Compounds of the Invention 

The neurotrophic low molecular weight, small 
molecule FK2? inhibitor compounds of this invention have 
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an affinity for FKB?-type immur.ophilins , such as FKBP12 . 
When the neurotrophic compounds of this invention are 
bound to an FKBF- type imraunophilin, they have been found 
to inhibit the prolyl-peptidyl cis-crans isomerase 
activity, or rotamase, activity of the binding protein 
and unexpectedly stimulate neurite growth. 



FORMULA I 

In particular, this invention relates to a compound 
cf formula I : 




or a pharmaceutical!/ acceptable salt thereof, wherein: 
A ar.-: , together with r.itroger. and carbon atoms 
to which they are respectfully attached, form a 5-7 
membered saturated or unsaturated heterocyclic ring 
containing any combination of CH,, O, S, SO, S0 2 , NH or 
N3 : in any chemically stable oxidation state; 
X is either 0 or S; 
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Z is either S, CK, , CKR. or C(R.) 2 ; 

W and Y are independently C, S, CH 2 cr H 2 ; 

?., is c-C« straight or branched chain aikyl or 
alkenyl, which is substituted in one or more position (s! 
witn (Ar.} n , (Ar : ; a connected by a C.-C s straight or 
branched chain alkyl or alkenyl , c,-C, cycioalkyl, c,-C, 
cycioalkyl connected by a C-C s straight or branched 
chain aikyl cr alkenyl, Ar ; or a combination thereof; 
n is 1 cr 2; 

F. ; is either C.-C, straight cr branched chain aikyl 
cr alkenyl , C,-C, cycioalkyl, C.-C- cycioaikenyl cr Ar., 
wherein said alkyl, alkenyl, cycioalkyl or cycioaikenyl 
is either unsubst ituted or substituted in one cr more 
positirr. s : with C.-C, straight or branched chain aikyl 
cr alkenyl. hydroxy! :r a tccb. nation thereof; and 

Ar and Ar. are independently a mono-, bi- or 
tnry-l.c , caroc- cr heterccyclir ring, wherein the ring 
either unsubst ituted cr substituted in one to three 
position(s) with halo, hydroxy!, nitro, trif lucromethyi , 
C,-C s straight cr branched chain aikyl or alkenyl, C^C, 
alkoxy, C.-C, alkenyloxy, phencxy, benzyloxy, amino or a 
combination thereof; wherein the individual ring sizes 
are 5-6 members; and wherein the heterocyclic ring 
contains 1-6 heteroatom ( s ) selected from the group 
consisting of 0, N, S and a combination thereof. 
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Suitable mono- and bicyciic, carbo- and heterocycii 
rings include, without limitation, naphthyl, iadolyl 
furyl, thiazclyi, thienyl, pyridyl, quinclinyl 
isoquinclinyl , fluorenyi and phenyl. 

FORMULA II 

A preferred embodiment of this invention is = 
compound of formula II: 




II 



cr a pharmaceutical iy acceptabi 



is. - z tnereof , wherein 



X is 0 cr S; 

•2 is selected from the group consisting of S, CH-, 
CHR X and C(R.} : ; 

R : is s. "ected from the group consisting of C. -C s 
straight cr branched chain alkyl, C.-C 5 straight cr 
branched chain alkenyl, Ar. and mixtures thereof, wherein 
said R, is unsubstituted cr substituted with halo, nitro, 
C : -C, straight cr branched chain aikyi, C 2 -C s straight or 
branched chain alkenyl, hydroxy, C^C, alkoxy, C : -C, 
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alkenyloxy , phencxy, benzyioxy, ammo , 



Ar : or a mixture 
>rec f ; 



R : is selected fron the group consisting cf c, -C g 
straight or branched chain alkyi, C 2 -C 9 straight or 
branched chain aikenyi, C : -C s cycloaikvi, C 5 -C. 
cycicaikenyl and Ar.; and 

Ar- is phenyl, benzyl , pyridyl , f lucrenyi , 
thicindoiyl cr naphthyl wherein said Ar : is unsubst ituted 
or substituted with halo, hydroxy, nitre, C, -C s straight 
or branched chain alkyi, C : -C^ straight cr branched chain 
aikenyi, C.-C. aikoxy, C : -C. alkenyloxy, phenoxy, 
bencylcxy, ajino cr a fixture thereof. 

Specific examples cf these embodiments are cresented 
m TABLE I . 



TABLE I 



No. n 


X 


z 


R, 




1 1 


0 


CH : 


3-Phenylpropyl 


3-3-Dtmethylpentyl 


2 1 


0 


CH : 


3-(3-Pyridyl)propyl 


3-3-DimethylpentyI 


3 1 


0 


CH : 


3-PhenyipropyI 


ten-Butyl 


1 


0 


CH : 


3-(3-Pyridyl)propyl 


tert-Butyi 


5 1 


0 


CH : 


3-(3-Pyridyl)propyl 


Cyclohexyl 


6 1 


0 


CH : 


3-(3-Pyridyi)propyl 


Cyclopentyl 


7 1 


0 


CH : 


3-(3-Pyridyl)propyl 


Cycloheptyl 


8 1 


0 


CH : 


2-(9-Fluorenyl)ethyl 


3,3-Dimethylpentyl 


9 1 


0 


S 


2-Phenethyl 


3.3-Dimethylpentyi 


10 2 


0 


S 


2-Phenethyl 


3,3-Dimethylpentyl 
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11 


1 


0 


s 


Methy!f2-thioindoIe) 


3,3-DiinethylpentyI 


12' 


1 


0 


s 


2-Phenethyl 


Cyclohexyl 


13 


2 


0 


s 


2-PhenethyI 


tert-Butyl 


14 


2 


0 


s 


2-Phenethyl 


Phenyl 


15 


1 


0 


CH : 


3-(4-MethoxyphenyI)propyl 3 .3-Dunethylpenryl 


16 


2 


0 


CH : 


4-(4-Methoxyphenyl)butyl 


3 , 3-DimethvlDenrvi 


17 


-» 


0 


CH, 


4- Phenyl butyl 


3 .3-DimethvlDenrvi 


18 


-> 


0 


CH : 


4-PhenylburyI 


Phenyl 


19 




0 


CH, 


4-Phenylbutyl 


Cyclohexyl 


20 


1 


s 




3-Phenylpropyl 


3 .3-Dimerhvlnenrvl 


21 


1 


s 


s 


2-Phenethyl 


3,3-Dunethvlpenrvl 


22 


-> 


s 


CH : 


3-Phenylpropyl 


3,3-DimethvloentvI 


23 




s 


S 


2-Phenethyl 


3 .3-Dunethvlnenrvi 


24 




0 


CHR, 


3-Phenyipropyl 


3 ,3-DimethvInenrvl 


25 


-) 


0 


CHR, 


3-Phenylpropyl 


Cyclohexyl 


26 


-» 


0 


CHR, 


3-Phenyipropy| 


Phenyl 




T 


0 


CHR. 


3-Phenylpropyl 


3 .4.5-TrimethoxvDhenv 


23 


I 


0 


S 


2-Phenethyl 


Cyclopentyi 


29 


-i 


0 


S 


3-Phenylpropyl 


tert-Butyl 


30 


1 


0 


S 


3-Phenylpropyl 


^ - 1"") imf*f hv Inanfrr 1 

- i-/uncuiy ipencyi 


31 


1 


0 


S 


3-(3-Pvridyl)propvl 


-j*-> l^uiicuiyipcnLy I 


32 


I 


0 


S 


3-Phenylpropyl 


Cyclohexyl 


33 


1 


0 


S 


4-PhenvIbutyi 


Cyclohexyl 


34 
35 


1 


0 


S 


4-Phenylbutyl 


3.3-Dimeihylpentyl 




0 


s 


3-(3-Pyridyl)propyl 


Cyclohexyl 


36 


1 


0 


s 


3.3-Diphenylpropyl 


3,3-Dimethylpencyl 


37 




0 


s 


3,3-Diphenylpropyl 


Cyclohexyl 


38 




0 


s 


3-(4-Methoxyphenyi) 
propyl 


3,3-Dimethylpentyl 


39 




0 


s 


4-Phenyibutyl 


ten-Butyl 
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40 


2 


0 


s 


1.5-Diphenylpentyl 


3,3-Dimethylpentyl 


41 




0 


s 


1.5-Diphenylpentyl 


Phenyl 


42 


i 


0 


s 


3-(4-MethoxyphenyD 


3,3-Dimethylpentyl 










propyl 




43 


-> 


0 


s 


3-(4-MethoxyphenyI) 


Phenyl 










propyl 




44 




0 


s 


3-(l-Naphthyl)propyl 


3,3-Dimethyipentyl 


45 


1 


0 


s 


3,3-Di(4-fluoro.)phenyl- 


3,3-Dimethyipentyl 










propyl 




46 


1 


0 


s 


4 1 4-Di(4-fluoro)phenyi- 


3.3-Dunethylpenryl 










butyl 






1 


0 


s 


3-(l-Naphthyl)propy[ 


3,3-Dimethyipencyl 


48 


1 


0 


s 


2.2-Diphenylethyl 


3.3-DimethyIpentyl 


49 


*y 


0 


s 


2.2-DiphenyIethyl 


3.3-Dimethylpentyi 


50 


"1 


0 


s 


3,3-Diphenylpropyl 


3,3-Dimethylpentyl 


51 


1 


0 


s 


3-<4-{Trifluoromethyi}- 


3 .3-Dimethy lpenty 1 










phenyhpropyl 




52 


1 


0 


s 


3-( r 2-NaphthyDpropyi 


3. 3-Dimethy Ipenty I. 


53 




0 


s 


3 - ( 1 - N aphthy 1 ) p ropy 1 


3. 3-Dimethy ipenty I 


54 


I 


0 


s 


3-(3-ChJoroipheny (propyl 


3,3-Dimethylpentyl 


55 


1 


0 


s 


3-(3-{Trifiuoromethyl}- 


3,3-Dimethylpentyl 










phenyHpropyl 




56 


1 


0 


s 


3-C2-Biphenyi)propyl 


3,3-Dimethylpentyl 


57 


1 


0 


s 


3.3-Dimerhylpenryl 




58 


1 


0 


s 


3-(3-Fluorophenyl)propyl 


3,3-Dimethylpentyl 


59 


2 


0 


s 


4-Phenylbutyl 


3,3-Dimethylpentyl 


60 


-» 


0 


s 


3-Phenylpropy! 


3,3-Dimethylpentyl 


61 


1 


0 


s 


3-(2-Chloro)phenyipropyl 


3,3-Dimethylpentyl 


62 




0 


s 


3 -( 3 -Chioro)pheny tpropy 1 


3 , 3-D tme thy Ipenty i 


63 




0 


s 


3-C-Fluoro)phenylpropyl 


3,3-Dimethylpentyl 
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64 
65 

66 
67 
68 
69 
70 

71 



O S 3-(3-Fluoro)phenylpropyl 
O S 3-(2.5-DimethoxyphenylV 
propyl 

0 CH : 3-PhenyIpropyl 
O CH : 3-Phenylethyl 
0 CH : 4-Phenylbutyl 
O CHR, 2-Phenylethyl 
0 CH : 3.3-Di(4-fluorophenyl)- 
propyl 

0 CH : 3-Phenylpropyl 



3.3-Dimethylpentyl 
3.3-Dimethylpentyl 

Cyclohexyl 
ten-Butyl 
Cyclohexyl 
ten-Butyl 

3.3-Dimethyipentyl 
3.3-Dimethylpentyl 



The most preferred examples of TABLE I are named as 

follows : 

1 (25) - 2-( [ 1 -Oxo - 5 -phenyl ) -pe.icyl - 1 - f 3 , 3 - dimechyi - 
1 . 2 -dioxopentyi i pyrrolidine 

2 3.2- Dimechyi - 1 - [ ( 22} - 2 - ( 5 - '. 2 -pyridy 1 pe.ncar.oyl i - 1 - 
pyrrolidine ] - 1 , 2 -per.canedione 

3 (25) - 2- ( (L-Oxo-4 -phenyl ) -butyl -I- (2. 3 -dimechyi -1, 2- 
dioxobucyl ) pyrrolidine 

9 2- Phenyl -1-echyl 1 - { 3 , 3 -dimechyi - 1 , 2 -dicxoper.cyl ) - 
2 -piperidinecarbcchioace 

10 2- Phenyl -1-echyl ( 2S) - 1 - ( 3 , 3 -dimechyi - 1 , 2 - 
dioxopencyl ) -2 -pyrrclidinecarbochioace 

11 (3-Thioindoiyi) mechyl (25) -l- {3 , 3 -dimechyi- l , 2- 
dicxopencyl ) -2 -pyrrolidinecarbochioace 

12 2-?henyi-l-echyl ( 2£) - 1 -( 2 - cyclohexyl - l , 2 - 
dioxopencyl ) -2 -pyrrolidinecarbochioace 
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14 2-PhenyI-l-echyi i- ; 2 -phenyl - 1 , 2 -diqxoethyl ) -2- 

piperidinecarbcthioate 
28 2 -?henyl-l-ethyl ( 2 5) - 1 - { 1 - cyclcpen tyl - 1 . 2 - 

dioxopentyl) -2 -pyrrclidi.necarbcthioate 
2 5 3 -Phenyl -I -propyl 1 - ! 3 , 3 -dimethyl - 1 , 2 -dioxobutyl ) - 

2 - piperidi.necarbcthioate 

30 3 -Pher.yl-1 -propyl ( 25) - 1 - ( 3 , 3 - dimet hy 1 - 1 , 2 - 
dioxopentyl ) - 2 -pyrrclidir.ecarbcthioate 

31 3 - f 3 - Pyridyl ) - 1 -propyl ( 25) - 1 - i 3 , 3 -dimethyl -1,2- 
dicxcpentyli - 2 -pyrrciidinecarbcrhioate 

3- Phenyl -1 -propyl (25) -1- (2 -cyclchexyl -1 , 2- 
dioxoethyi ) -2 -pyrroiidinecarbothioate 
4 - Phenyl - I - butyl (2S) - 1 - i 2 - cyclchexyl -1,2- 
dicxoethyl • -2 -cyrrciidinecarbcthioate 
4 - Pnenyl - 1 - cur yi ■ 2 Si - 1 - : 2 , 3 - dimethyl - 1,2- 
d i • - :■: c p e n z y 1 ; - 2 - p y r r 1 1 i d 1 n e c a r b c t h i o a t e 
2- . 3-Fyridyl; -.-propyl (25: -i- ; 2 -cyclchexyl - 1 , 2 - 
dioxopentyl) - 2 -pyrroiidinecarbothioate 

36 3 , 3 -Diphenyl-i-propyi ( 25) - 1 - { 2 , 3 - dimethyl - 1 , 2 - 

dioxopentyl) -2-pyrrclidinecarbcthioate 
3 7 3 . 3-Di?her.yi-l -propyl (2 5) -1- (2-cyclohexyl-l. 2- 

dicxcpencyl 5 - 2 -pyrrciidinecarbothioate 
38 3 - (para-Methoxyphenyi )- 1 -propyl (25) -1- (3,3- 

dimethyl-l, 2 -dioxopentyl ) -2 -pyrrciidinecarbothioate 
3 9 4- Phenyl -1 -butyl I - (1,2 -dioxo- 3 , 3 - dimethylbutyl ) - 

2 - piper i dine carbothioate 



25 
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40 1, 5-Diphenyl-3-per.tyl 1- ( 3 , 3 - dimethyl - 1 , 2 - 
dioxcpentyi) -2 -piperidinecarbothioate 

41 1, 5-Uiphenyl-3-mercaptopentyi l - { 3 -phenyl - 1 , 2 - 
dicxoethyl) -2-piperid:.necarbcthioate 

42 3- i para -Mechcxyphenyl) -i-propyl I - { l , 2 -dioxo-3 , 3 - 
dimethylpentyi) piperidine-2 - carbcthioate 

43 3- Ipara-Methoxypher.yl) -I -propyl I - ; 2 -phenyl -1,2- 
dioxoethyl)piperidine-2-oarbc-hioate 

44 3 - (1-Naphthyi) -1 -propyl 1 - ( 3 , 3 -dime zhvl - 1 , 2 - 
cicxcpentyl) ?iperidine-2-carbothioate 

45 3 , 2 -Ci ipara-f luoroi phenyl - 1 -propyl ( 2S) - 1 - ; 3 , 3 - 
dimethyl -1, 2 -dioxcpentyi ) -2 -pyrroiidmecarbothioate 

46 4 . 4-Di (para- fiuorcphenyl » butyl 1- i 3 , 3 -dimethyl- 2 - 
txcpentanoyl : - 2 -pyrrciidinecarbcc hicace 

4- 3- ■ l-Naphchyi; prcpyl ; 2 Ji -1- ! • , 2 -dirrechy 1 - 2 - 

o :■: z p e n t a n c y 1 ; - 2 - p y r r o i i d i n e c a r b o c h i r a c e 

45 2 . 2 Oiphenylethyl ( 25; - 1 - : 3 . 3 -dimethyl -2 - 
cxopencanoyl) cecrahydro-lH-2 -pyrrclecarbochioate 

49 2 . 2 -Diphenylethyl ! 2 5) - 1 - { 2 , 3 - d i me z hy 1 - 2 - 
cxopencancyl ) - 2 - piperidinecarbcthioate 

50 3.3-Dipher.yipropyll- ! 2 , 3 -dimethyl - 2 -cxoper.canoyl } - 
2 -piperidinecarbcthioate 

51 3- [4- (Trif luoromethyi) phenyl] prcpyl (25) -1- (3,3- 
dimethyl-2-oxopentanoyl) -2-pyrroIidinecarbothicate 

= 2 3 - ! 2 -Maphthyl ) propyl ( 25) - 1 - ( 2 , 3 -dimethyl - 2 - 
cxoper.ca.10y I) -2 -pyrrciidinecarbothioate 
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52 3 - ( 2 -Naphthyl; propyl (2R.S) -1- ( 3 , 3 -dimethyl - 2 - 
oxcpenranoyl ) -2 -piperidinecarbothioate 

54 3 - { 3 -Chlcrophenyl) propyl (251-1- ( 2 , 3 -dimethyl -2 - 
oxoper.cancyl ) -2 -pyrrclidinecarbcthioate 

E5 3 - [3 - (Trif iucromethyl ) phenyl) propyl (25) -1- (3 , 3 - 
dimethyl - 2 -cxcpentanoyl) -2 -pyrrol idmecarbothioate 

5c 3- -l-Biphenyl) propyl {25) -1- ! 3 , 3 -dimet hyl - 2 - 
cxoper.tanoyl ) - 2 -pyrrolidinecarbothioate 

57 3 - { 2 -Fiucropher.yl) propyl (25= -1- {3, 3 -dimethyl - 2 - 
cxcpentanoyl 5 - 2 -pyrroiidmecarbcthioate 

55 3- • 3 -rlucropher.yl) propyl (25! -1- (3 , 3 -dimethyl -2 - 
oxopentancyi ) - 2 -cyrroiidinecarbothicate 

59 4 - rhenylbutyi 1- \2 , 3 -dimethyl -2 -oxopentancyl ) -2- 
c iperidmecarbc thioace 

50 2 - ? heavier opyl 1 - 2 , 3 - dimethyl -2 - cxoper.tanoyl ) - 2 - 
p ipe r idinecarbct hioa t e 

51 2- ; 2 -Chlorcphenyli propyl i2S) -1- ; 2 , 3 -dime thy 1 - 2 - 
exepencanoyi } - 2 -pyrrciidmecarbcthioate 

62 ■ 3 - ( 2 -Chiorcpher.yi ) propyl 1 - (3,3 -dimethyl -2 - 
oxopencancyl) - 2 -piperidinecarbothioate 

6 2 3 - ; 2 - ? lucrcphenyl ) propyl 1 - { 3 , 3 -dimethyl -2 - 
oxopencancyl } -2 -piperidinecarbothioate 

64 3 - { 3 - Fluo r opher.y 1 ) propyl 1 - (3,3 -dimethyl - 2 - 
oxopencancyl ) -2 -piperidinecarbothioate 

6 5 3- (3 , 4 -Dimethoxyphenyl) propyl (25) -1- (3 , 3 -dimethyl- 
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5 5 [ 255 - 2 - ( { i -Oxo -4 -phenyl } -butyl - 1 - ( 2 -Cyclohexyl -1,2- 
dioxoethyi ) pyrrolidine 

67 2 - { { i -Cxo -4 -phenyl } - butyl - 1 - { 3 , 3 -dimethyl -1,2- 
dicxobutyl ) pyrrolidine 

68 2 - { f 1 -Oxo -5 -phenyl } -hexyl-i- (3 , 3 - dime thvi - 1 , 2- 
dioxobucyi ) piperidine 

69 2- ({i-Qxo- [2-{2' -phenyl) ethyl] -4 -phenyl } -butyl - 1 - 
(3 , 3 -dimethyl- 1, 2 -dioxobutyl ) piceridine 

7C (25) -2- [E, 5 -di ( 4 - riucrophenyl ) pentancyl] -2- 

pyrroiidine} -3 , 3 -dimethyl - 1 , 2 -pentanedione 

71 3 , 3 -Dimethyl- 1- [2 - (4 -phenyipentanoyl) piperidino] - 
1 , 2 -pentanedione 



FORMULA III 

Another preferred embodiment is a comacund o: 



rerT.uia III 




R 2 



in 



or a pharmaceutically acceptable salt thereof, wherein: 
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~, 3, C and D are independently CH : , o, S, SO; SO. 
NH or m 2 ; 

X is 0 cr S; 



2 is S 



- CH : , CKR, cr C(R : ), ; 



R : is C.-C- straight cr branched chain aikyi cr 
aikeny- > which is substituted in one cr more position ( s ; 
with (Ar,;^ (Ar,}., connected by a C : -C 5 straight cr 
branched chain alkyl cr aikenyl, C 2 -C 8 cycloaikyl, c-c. 
cyciraikyi connected by a C.-C, straight or brancned 
chain aikyi or alkenyl, Ar : cr a combination thereof; 
n i s 1 o r 2 ; 

R : 13 either C.-C, straight cr branched chain aikyi 
or aikenyi, C, - C a cycloaikyl , C 5 -C- cycicaikenyl cr Ar, , 
wherein said aikyi,. alkenyl.. cycloaikyl or cytlcalkenyi 
is eitner unsubst i tuted cr substituted m one or mere 
pcsititr.'S- with r.-C. straight or branched chain alkvi 
or alkenyl, hydroxy! cr a combination thereof; and 

Ar. and Ar : are independently a mono-, bi- or 
tricyclic, carbo- or heterocyclic ring, wherein the ring 
is either unsubst ituted or substituted in one to three 
position ' s ' with hale, hydroxy! ; mtro , t r if iuorome thy! , 
C, - C straight cr branched chain aikyi or alkenyl, C -C« 
alkcxy , C.-C, alkenylcxy, phencxy, oenzyioxy , amino or a 
combination thereof; wherein the individual ring sizes 
25 are 5-6 members; and wherein the heterocyclic ring 

contains 1-6 heteroatom ( s } selected from the croup 
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consisting cf C ( N, S and a combination thereof. 

Particularly preferred compounds of formula III are 
presented in TABLE II . 

TABLE IX 

NO- A 5 C X Z R, R ^ 

72 CK : . S CH : C S 2-phenethyl 3 . 3 - dime t hy 1 - 

pentyl 

7- CK, £ CK, C CH : 3 -phenylpropyl 3 , 3 - dime t hy 1 - 

pentyl 

74 CK : rK : NH C S 2-phenethyi 3, 3 -dimethyl - 

pentyl 

7: CK- 3 CK, S S 2-phenethyl 3 , 3 - dime t hy 1 - 

pentyl 



FORMULA IV 

A further preferred embodiment of this invention is 
a compound of formula IV: 




IV 
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cr a pharmaceutical!/ acceptable sal" thereof, wherein: 
A, 5, C and D are independently CK 3 , 0, S, SO, SC, 

NH cr NR ; ; 

X is 0 or S; 

Z is S, CK : , CK?.. cr C(R.) 2 ; 

R, is c,-C< straight cr branched chain alkvi cr 
aikenyl, which is substituted in cne or xcre position is) 
with (Ar.;,, (Ar : ), connected by a C,-C, straight cr 
branched chain alky! cr aikenyl, Cj-C, cycioalkyl, C 3 -C, 
rycicalkyl connected by a C.-C, straight cr branched 
chair, alky I or aikenyl, Ar, or a combination thereof; 

n is 1 cr 2 ; 

= : is either C.-Z, straight cr branched chain aikyi or 
aikenyl. C-I, cycicalkyl, C 5 -C- cycioaikenyl or Ar ; , 
wherein said aikyi, aikenyl, cyclcalkyl cr cycioaikenyl 
15 -titner unsubstituted cr substituted m cne cr more 
position ;'s with C.-I, straight cr branched chain aikyi 
cr aikenyl, hydroxyl or a combination thereof; and 

Ar. and Ar : are independently a mono-, bi- or 
tricyclic, carbo- cr heterocyclic ring, wherein the ring 
is either unsubstituted or substituted in cne to three 
position(s) with halo, hydroxy!, nitre, trif luorcmethyl , 
C : -2 4 straight or branched chain aikyi or aikenyl, C,-C< 
alkoxy, C\-C 4 aikenyloxy, phencxy, bencyloxy, amino or a 
combination thereof; wherein the individual ring sizes 
are 5-€ members; and wherein the heterocyclic ring 
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:on:ains l-s heteroatom (s) selected from the 
:cnsiscing cf 0, N, S and a combination thereof. 



group 



Particularly preferred compounds of formula IV ar< 
presented in TABLE III. 

TABLE m 



No. 


A 


B 


C 


D 


X 


z 


R, 


R : 


76 


CH : 


CH; 


0 


CH; 


0 


CH; 


3-phenyipropyI 


3.3-dimeihylpentyl 


77 


CH : 


CH, 


0 


CH; 


0 


s 


2-phenethyl 


3.3-dimethylpencyI 


78 


CH : 


CH : 


s 


CH; 


0 


CH; 


3-phenylpropyI 


3.3-dimeihylpenryi 


79 


CH : 


CH; 


s 


CH; 


0 


s 


2-phenethyl 


3,3-dimethylpentyI 



The compounds of this invention possess asymmetric 
centers and thus can be produced as mixtures of 
stereoisomers or as individual stereoisomers. The 
individual stereoisomers may be obtained bv using an 
optically active starting material. by resolving a 
racemic or non-racemic mixture of an intermediate at some 
appropriate stage of the synthesis, or by resolving the 
compound o£ forruia (I). it is understood that the 
individual stereoisomers as well as mixtures (racemic and 
non-racemic) of stereoisomers are encompassed by the 
scope of the present invention. The compounds of this 
invention possess at least one asymmetric center and thus 
can be produced as mixtures of stereoisomers or as 
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individual R- and S - stereoisomers . The individual 
er.ar.t loners mav be obtained bv ^<*sa~ n~ - ,--,-„„,■ 



icn- raceme mixture of an intermediate at seme appropri- 



ate stage cf the synthesis. It is understood 



:hat the 



in::v:aua. R- and S- stereoisomers as well as mixtures of 
stereoisomers are encompassed by this invention. The S- 
sterecisomer is most preferred due to its greater 
a c t i v i t v . 



Methods of Using t he Compounds of the Invention 
The compounds of the present invention have an 
a: i miry rcr the ~K5 0€ binding protein, particularly 
FKE?::, which is present in the brain. When the 
inventive compounds bind :; ?KB? in the brain, thev 
exn.b it excellent neurctrcphi r activity. This activity 
13 isetu. m tne stimulation cf damaged neurons, the 
promotion cf neuronal regeneration, the orevention of 
neurodegeneracion, .and the treatment of several 
neurological disorders known to be associated with 
neuronal degeneration and peripheral neuropathies. 

For the foregoing reasons, the present invention 
further relates to a method of effecting a neuronal 
activity in an animal, comprising: 

administering to the animal a neurotrophical ly 
effective amount of a compound of formula I, II , m or 
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In a preferred embodiment. Che neuronal activity is 
selected from the group consisting of stimulation of 
damaged neurons, promotion of neuronal regeneration, 
prevention of neurodegeneration and treatment of 
neurological disorder. 

The neurological disorders that may be treated 
include but are not limited to: trigeminal neuralgia,- 
glossopharyngeal neuralgia; Bell's Palsy; myasthenia 
gravis; muscular dystrophy; amyotrcphic lateral 
sclerosis; progressive muscular atrophy; progressive 
bulbar inherited muscular atrophy; herniated, ruptured or 
prolapsed invertebrate disk syndromes,- cervical 
spondylosis,- plexus disorders,- thoracic outlet 
destruction syndromes,- peripheral neuropathies such as 
cncse raused by lead, dapsone, ticks, porphyria or 
Guil.air.-Barre syndrome; Alzheimer's disease,- and 
Parkinson's disease. 

The compounds of the present invention are 
particularly useful for treating a neurological disorder 
selected from the group consisting of: peripheral 
• -ropathy caus-d by physical injury or disease state, 
traumatic injury to the brain, physical damage to the 
spinal cord, stroke associated with brain damage, and 
neurological disorder relating to neurodegeneration. 
Examples of neurological disorders relating to 
neurodegeneration are Alzheimer's Disease. Parkinson's 
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For these purposes, the compounds may be administered 
orally, parent eraily, by inhalation spray, topically, 
reccaliy, nasally, bucoally, vaginally or via an 
implanted reservoir in dosage formulations containmc 
conventional non- toxic pharmaceuc icaiiy- acceptable 
carriers, adjuvants and vehicles. The term parenteral as 
used herein includes subcutaneous, intravenous 
intramuscular , intraperitoneal ly, intrathecal Iv, 
intraventricular!:/ , intrasternal and intracranial 
injection or infusion techniques. 

To be effective therapeutically as central nervous 
system targets, the compounds should readily penetrate 
the blood-brain barrier when peripherally administered. 
Compcunos which cannot penetrate the blood -brain barrier 
can be effectively administered by an intraventricular 
route . 

The compounds may be administered in the form of 
sterile injectable preparations, for example, as sterile 
injectable aqueous or oleaginous suspensions. These 
suspensions may be formulated according to techniaues 
known in the art using suitable dispersing or wetting 
agents and suspending agents. The sterile injectable 
preparations may also be sterile injectable solutions or 
suspensions m non-toxic parenterally- acceptable diluents 
or solvents, for example, as solutions in 1 , 3 -butanedicl . 
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Among the acceptable vehicles and solvents that may be 
employed are water, Ringer's solution and isotonic sodium 
chloride solution. In addition, sterile, fixed oils are 
conventionally employed as solvents or suspending 
mediums. For this purpose, any bland fixed oil such as 
a synthetic mono- or di-giyceride may be employed. Fatty 
acids such as oleic acid and its glyceride derivatives, 
including olive oil and castor oil. especially in their 
pciyoxyethylated versions, are useful in the preparation 
of iniectabies. These oil solutions or suspensions may 
a.sc contain long-chain alcohol diluents or dispersants. 

Aaoitionaily , the compounds may be administered 
orally in the form of capsules, tablets, aqueous 
suspensions or solutions. Tablets may contain carriers 
such as lactose and corn starch, and/ or lubricating 
agents such as magnesium stearate . Capsules may contain 
diluents including lactose and dried corn starch. 
Aqueous suspensions may contain emulsif vine and 
suspending agents combined with the active ingredient. 
The oral dosage forms may further contain sweetening 
snd/cr flavoring and/or coloring agents. 

The compounds may also be administered rectal iy in 
the form of suppositories. These compositions can be 
prepared by mixing the drug with a suitable non- 
irritating excipient which is sclid at room temperature, 
but liquid at rectal temperature and, therefore, wil" 
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melt in the rectum tc release the drug. Such materials 
mciuae cocoa butter, beeswax and polyethylene glycols. 

Furthermore, the compounds may be administered 
topically, especially when the conditions addressed for 
treatment involve areas or organs readily accessible by 
topical application, including neurological disorders cf- 
the eye, the skin or the lower intestinal tract. 
- Suitable topical formulations can be readily prepared for 
each of these areas . 

rcr tcpical application to the eye, or ophthalmic 
use, the compounds can be formulated as microniz'ed 
suspensions m isotonic, pH adjusted sterile saline, or, 
preferably, as a solution in isotonic, pH adjusted 
sterile saline, either with cr without a preservative 
sucr. as cencyiai.-:cnium chic ride. Alternatively , the 
compounds may be f crmulated ' into ointments, such as 
pecrciatum, fcr ophthalmic use. 

For topical application to the skin , the compounds 
can be formulated into suitable ointments containing the 
compounds suspended or dissolved in, for example, 
mixtures with cne cr more of the following: mineral oil, 
liquid petrolatum, white petrolatum, propylene glycol, 
polyoxyethylene poiyoxypropyiene compound, emulsifying 
wax and water. Alternatively, the compounds can be 
formulated into suitable lotions or creams containina the 
active compound suspended cr dissolved in, for example, 
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a mixture of one cr more cf the following: mineral oil, 
scrbitan monostearate , pclysorbate 60, cetyl ester wax, 
cecearyi alcohol, 2 -octyldodecancl , benzyl alcohol and 
water . 

Topical application to the lower intestinal tract can 

be effected in a rectal suppository f or-ulaticns (see 

above) cr in suitable enema formulations. 

Dosace levels or. th° c-dm- ~f 3u~,, r r . ■> m „ _ 

— -i - — i-j. wL ai_wut o . _ rng to aoout 

10,000 mg of the active ingredient compound are useful in 
the treatment cf the above conditions, with preferred 
levels of about C.l mg to about I,00C mg . The amount of 
active ingredient that may be combined with the carrier 
nateria_s to produce a single dosage form will varv 
depending upon the host created and the particular mode 
c z admmis t ra t icr. . 

-t is understood, however, that a specific dcse level 
rcr any particular patient will depend upon a variety of 
factors, including the activity cf the specific compound 
employed; the age, body weight, general health, sex and 
diet of the patient; the time of administration; the rate 
cr e-cret.-n; drug combination; the severity cf the 
particular disease being treated; and the form of 
administration . 

The compounds can be administered with other 
neurotrophic agents such as neurotrophic growth factor 
!NGF! , glial derived growth factor, brain derived growth 
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raccor, ciliary neurotrophic factor and neurctropin-3 . 
The dosage level of ether neurotrophic drugs will depend 
upon the factors previously stated and the neurotrophic 
effectiveness cf the drug combination . 

Pharmaceutical Compositions of the Invention 

The present invention also relates to a pharmaceuti- 
cal composition comprising: 

a neurot rophically effective amount of the 
compound of formula I, II, III or IV, and 
(11/ a pharmaceut icaliy acceptable carrier. 
The above discussion relating to the utility and 
administration of the compounds of tne present invention 
also applies to the pharmaceutical compositions of the 



Examples 

The following examples are illustrative of the 
present invention and are not intended to be limitations 
thereon. Unless otherwise specified, all percentages are 
based on 100% by weight cf the final compound. 
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EXAMPLE 1 

Svnthesia of ( 25) - 2 - ( ( i- Qaeo . «j - r ^ vl \ . n ^ y , _ , _ p , 
dimethyl -1 f 2 -dioxopentvl) pyrrol (1) 

■25; - 2- -oxo-4-ohenvHburvi - w. benr/1r,^n^ r . - ± _ 
cr.Iorc-4-phe.nylbucar.e (1.7S c; 1C.5 mmol) m 20 tnL of THF 
was added to 0.24 g (10 mmoi) of magnesium turnings :r. 50 
mL of refluxing THF. After the addition was complete, 
the mixture was refiuxed for an additional 5 hours, and 
-her. added slowly to a refluxing solution cf N-ber.svl -L- 
orclir.e ethyl ester (2.2 3 g do nmol) in 100 nil cf THF. 
After 2 hours cf further reflux, the mixture was cooled 
and treated with 5 mL of 2 N KC1 . The reaction mixture 
was diluted with ether (10C and washed with saturated 
NaHCC-, , water and brine. The organi: phase was dried, 
concentrated and chrcmatographed , eiutina with E:i 
CH : ;: : :EtCAc tc obtain 2.05 c :?4%> cf tne >etcne as an 
Oil. l H NME ;CDC1 ; ; 300 MHO: 1.43-2.13 it.. SH) ; 2.32- 
2.46 (n. IH) ; 2.56-2.65 (m. 2K: ; 2.97-3.06 (m, IH: ; 3.17- 
3.34 ix, IH) ; 3.44-3.62 in, 1H= ; 4.02-4.23 (m, 2H) ; 7.01- 
7 . 44 (m, 10H) . 

. 25' -2- :l-sxo-4-chenvHbur.v:n v rrclicinft . The ketone 
compound (500 mg) and palladium hydroxide (20% on carbon, 
5 0 mg; was hydrogenated at 4 0 psi in a Paar shaker 
overnight. The catalyst was removed by filtration and 
the solvent was removed in vacuo. The free amine was 
obtained as a yellow oil (230 mg; 1C0%) , : H nmr JCDCi,; 
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300 MHz): 1.75-2.34 Cm, 10K} ; 2.55 (rr,, 2H; ; 2 . S5 (dm, 
IK;; 3.45-3.95 (m, IK; ; 4.05 (m, IK); 7.37 (m, 5H) . 

; 2 5 ' ~ 2 ' f l-oxs-4-ohenvI)bu;vl.i.fi t o -d^vn-?. 
methcxvethvl : pyrrolidine. To a solution of !2S)-2-(l- 
oxc -4 -phenyl i butyipyrroiidine (23 0 mg ; i.o mmoi) in 
CK-Ci, {20 mL) at C°C was added dropwise methyloxalvl 
chloride 1135 x ; l.l mmoi). After stirring at 0°c for 
3 hours, the reaction was quenched with saturated NK CI 
and the organic phase was washed with water and brine and 
dried and concentrated. The crude residue was purified 
on a silica gel column, eluting with 20:1 CH,C1 : : EtOAc to 
obtain 3 00 mg of the cxamate as a clear oil (98%) , 1 h NMR 
(CDC1,; 300 MHz): 1.65 ;m, 4H) ; 1.91-2.36 (m, 4K) ; 2.64 
it, 2H.: ; 3 .6~-2 .80 (m, 2H) ; 2.77, 3.55 ( s , 3H total); 
4.1-5 rr, OH:,- 4 . 90 im, IK); 7.15 (m, 3K> ; 7.27 (m, 2H> . 

-:- ■ ■' l-oxc-r-Dhenv'- ■-oentvl-l- - 3 . ? -dimethyl - ■ -- 
dioxcoentvl) cvrrtlidme f i ? , To a solution cf the 
cxamate aoove {250 mg; 0.79 mmoi; m anhydrous ether (15 
xL) , cooled to - 78°C, was added 1 , 1 -dimethylpropyl - 
magnesium chloride (0.8 mL of a 1.0 M solution in ether; 
0.3 mmoi) . After stirring the resulting mixture at - 78 °C 
for 2 hours, the reaction was quenched by the addition of 
2 mL cf saturated NH«C1, followed by 100 mL of EtOAc . 
The organic phase was washed .with orine , dried, 
concentrated, and purified cn a siiica gel column, 
eluting with 50:1 CK : C1 3 : EtOAc . Compound 1 was obtained 
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J o 

as a 



c-ear oil, 120 mg, >H NMH <CDCi 3 . 3 00 MHz): 6 0.87 



(t. 3K, j=7.5:; 1.22 (s, 2H) ; 1.25 (S, 3H; ; 1 . 57 ( ra . 4 H) ; 
1.70-2.33 (n, 6H); 2. SI (c, 2H, J-7.i) ; 3.52 (m, 2H) ; 
4.17 (c, 2H, J«o.2); 4.52 (m, IK}; 7.15-7.49 (m, 5H). 
Anal. Calcc. for C : ,H 3 .N0 3 - H : C : C, 70.37; H , 8.86; N, 
3.73. Found : 70.43; K , 8.35; N , 3.59. 



EXAMPLE 2 

Synthesis of 2 -pheny l -1 -ethyl 1 - ( 3 . 3 -dimethyl . i t r> _ 

dicxooentvl ) - 2 - piperidinecarbothioate (91 
Mechvl ' 2<?'= - ? : . 3 -rfioxo- 2 -methsxy-thvl \ - •? - 

pvrrclidir.e-srhovvigr^. A solution of L-prcline methyl 
escer hydrochloride (3 .08 g ; 12 .50 nrr.ol) in dry methylene 
oh.oride was cooled to 0°C and treated with tristhy iamme 
i'3.92 c; 35.74 mmci ; Z.l eq.' . After stirring tne formed 
slurry under 2 nitrogen atmosphere for IE mm, a solution 

, _j, *. c . 1 _ mmo 1 .- 1 n 

methylene chloride (45 mLi was added dropwise . The 
resulting mixture was stirred at 0°C for 1.5 hour. After 
filtering to remove solids, the organic phase was washed 
with water, dried 'ver MgS0 4 and concentrated. The crude 
residue was purified on a silica gel column, e luting with 
50% ethyl acetate in hexane, .to obtain 3.52 g (38%) of 
che product as a reddish oil. Mixture of czs-crans amide 
rotamers; data for trans rotamer given. X K NMR 'CDC1 3 ) : 
5 1.93 (dm, 2K> ;" 2.17 im. 2H); 3.S2(m, 2KJ ; 3.71 (s, 3K) ; 
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3.79, 3.34 is, 2H total); 4.86 (dd, IK, J=8.4, 3.3). 

Methyl '2 5* -1-^1 , 2-dioxo-3 . 3 - dime r hvlnen rvl \ - ? . 
cvrrolidir.ecarboy/latg . A solution of methyl (255-1- 
(1,2 -dicxc - 2 -methcxyethyi ) - 2 - pyrro li dine carboxy late (2.35 
c; 1Q.9C mmol) in 30 mL of tetrahydrof uran (TKF) was 
cooled to - 7 B ° C and treated with 14.2 mL cf a i.c M 
solution of 1 , 1-dimethylprcpyimagnesium ohioride in THF . 
After stirring the resulting homogeneous mixture at -73 °c 
for three hours, the mixture was poured into saturated 
ammonium ohioride (IOC mL) and extraoted into ethyl 
acetate. The orgamo phase was washed with water, dried, 
and concentrated, and the crude material obtained upon 
removal of the solvent was purified on a silica gel 
column., e luting with 25% ethyl acetate m hexane , to 
obtain 1.1C g of tne oxamate as a colorless oil, 

* "H MMF -CDCl,: : 5 3.88 it. 3H} ; 1.22. 1 . 2€ is, 3H each) ; 
1.75 'dm, 2H: ; 1.37-2.10 <m, 3H" ; 2.22 im, 1H) ; 3.54 {m, 
2H; ; 3.* 7 6 is, 2H} ; 4.52 (dm, 1H, j=3.4, 3.4). 

^25) -1- fl, 2-dioxc-3 . 3-dimetnvloentvi: - 2 -pyrrol idine - 
carboxvl ic acid . A mixture of methyl ( 25! - 1 - ( 1 , 2 -dicxo- ' 
3 , 3 -dimethyipentyi J - 2 -pyrrciidinecarboxyiate ! 2 . 1C g ; 
3.22 mmci; , 1 N LiOH (15 mL) , and methanol (50 mL) was 
stirred at 0°C for 3 0 minutes and at room temperature 
overnight. The mixture was acidified to pH i with 1 N 
HC1 , diluted with water, and extracted into 100 mL cf 
methylene chloride. The organic extract was washed with 
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brine and coaceacraced to deliver 1.73 g (37%) c f snow- 
white sclid which did net require further purification, 
'HNMR (CDCI 3 ; : 6 0.37 it, 3H> ; 1.22. 1.25 (s, 3H each) ; 
1.77 (dm, 2H); 2. 02 (m. 2H) ; 2.17 ( m< 1H , ; 2 . 25 (n , f , H} . 
3.53 (dd, 2H, J-10.4, 7.3); 4.55 (dd, IH, J, 8 . S , 4.1). 

2 -phenyl - ■ -~~hvl 1 - f 3 . 3 -di hvl - i . -H ^ opt>nrv . ^ _,_ 
ciDericir.ecarbathinara fen To a solution of (2S)-l- 
( 1 , 2-dioxo-3 , 3 -dimethylpencyl ) -2 - pyrrol idinecarbexviic 
acid (241 mg; l.C mmol : in CH-Ci, { 10 mD was added 
dicycichexyicarbodiimide (226 tag; l.i mmcl) . After 
stirring zhe resulting mixture for 5 minutes, the 
solution was cooled to 0°C and treated with a solution of 
phenyl mercapcar. (12 6 mg; i.o mmol; and 4- 
dime thy! amir.epyri dine (6 mg.' in 5 mi of CH,Z1,. The 
mixture was allowed t~ warn to room temperature with 
stirring overnight. The solids were removed by 

tilt racier, and zhe filtrate was concentrated in vacuo.- 
the crude residue was purified by flash chromatography 
(10:1 hexane :EtOAc) to obtain 302 mg (84%) of 9 as an 
Oil, : H NMR (CDC1,, 30C MHz): 5 0.65 (t, 3H, J=7.5); 
1.2? is. 3K! ; 1.31 is, 3H) ; 1.70-2.32 (m, 5H) ; 2.92 (t, 
2H, J =7.4) ; 3.22(t, 2K , J -7.4); 3.56 (n, 2Hi; 4.72 (m, 
1H) ; 7.23-7.34 (m, 5H) . Anal. Calcd. for C :c K, 7 N0 3 S - 
0.4H : O: C. 65.15; H, 7.60; M, 3.80. Found: C, 65.41; 
H, 7.49; N, 3.72. 
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EXAMPLE 3 

Synthesis of 2 -phenyl - 1 -ethvl ( 2.9) -i_ ( 3 f 7- 
dimethyl-1, 2 -dioxop er.tyl ) - 2-T n r rr olidin« e »T-b othi n8 ,i-- (10) 

M£thy ^ 1- ^,2-dioxo-2-rnethoxverhvi \ o. n 1D , H ^n fl . 

carbcxvlace . A solution cf methyl pipecoiace 

hydrochloride (3.50 g ; 4 7.2: mmci) in dry methylene 
chloride (100 mL) was cooled to Q°Z and treated with 
tnethyiamine (ic.5 g ; 102 mmoi ; 2.1 eci . After stirring 
the formed slurry under a nitrogen atmosphere for 15 
r.-nutes. a solution cf methyl oxaiyl chloride (3.50 g ; 
€5.4 nmol.i in methylene chloride (75 mL) was added 
crcpwise. The resulting mixture was stirred at 0°C for 
1.5 hours. After filtering to remove solids, the organic 
pnase was washed with water, dried ever MgSC, and 
concentrated. The crude residue was purified on a silica 
gel rclumr.. elutmc with 5 0% ethyl acetate m hexane . to 
obtain = .24 g ;36V' of the product as a reddish oil. 
Mixture of ci s - trans amide rotamers ; data fcr crar.s 
rotamer given. J K NMR <CDC1,) : 5 1.22-1.45 (m, 2K) ; 
1.67-1,76 (m, 3H) ; 2.29 (m, IK); 3.32 (m, 1H) ; 3.55 (m, 
IK; ; 2.76 < s , 3H) ; 2.85, 2.S7 ( s , 3H total); 4.52 (dd, 
IHi . 

Methvl 1- fj ,2-dioxo-3.2-dimethvloenrvl) - 2 -oiceridi ne- 
carboxvlat.fi . A solution cf methyl 1 - ( 1 , 2 -dioxo- 2 - 
methoxyethyi ) -2 -piperidinecarbcxylate (3.80 g ; 16.57 
mmcii in 75 mL cf tecrahydrof uran ( TKF > was coded to - 
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78 °C and treated with 2 0.7 mL cf a 1.0 M solution of 1,1- 
dimethyi-propyimagnesium chloride ir. THF. After stirring 
the resulting homogeneous mixture at -78°C for three 
hours, the mixture was poured into saturated ammonium 
chloride ■ ( IOC ml) and extracted into ethyl acetate. The 
organic phase was washed with water, dried, and 
concentrated, and the crude material obtained upon 
removal of the solvent was purified on a silica ael 
column, -luting with 25% ethyl acetate in hexane, to 
obtain 3.32 g (74%; cf the oxamate as a colorless oil, l K 
MM?. {CDC1J : 5 0.35 (t, 3H> ; 1.21, 1.25 (s, 3H each); 
1.35-1.60 (m, 7K; ; 2.35 (m, 1H) ; 3.24 ;m, 1H) ; 3.41 (m, ' 
1H) ; 3 . 76 is, 3K) ; 5.32 (d, 1H) . 

1 - ' 1 ■ 2 - disxo- 3 . 3 - dimethvlpentvl • - 2 -r jperidi n-- 
carocxvli ; acid. A mixture of methyl 1 - 1 , 2 - dioxe - 3 , 3 - 
aimethy Ipentyl } - 2 -ciperidinecarboxylate '.3.30 a,- 12.25 
mmcl) , 1 N Li OK (15 mL) , and methanol HO mL; was stirred 
at 0°C for 30 minutes and at room temperature overnight. 
The mixture was acidified to pH 1 with 1 N KC1, diluted 
with water, and extracted into 100 mL cf methylene 
chloride. The organic extract was washed with brine and 
concentrated to deliver 2.80 g (37%. of snow-white solid 
which did net require further purification, L K NMR 
(CDC1,J : 5 0.S9 (t, 3H) ; 1.21, 1.24 ! = , 3K each) ; 1.42- 
1.85 <m. 7K) ; 2.3 5 (m, 1H) ; 3.22 (d, 1H) ; 3.42 (m, 1H) ; 
5.31 id, 1H) . 
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2-ohenvl-l-ethvl (25* -1- f 3 . 3 ■ c i h yj - i . ?. 

dioxooentvl- -2 -pvrrclidineca rbethicate Mo; To a 

solution cf 1- <l,2-dicxc-3,3-dimethylpentylj -2- 
p.peridine- carboxyiic acid (255 mg; 1.0 mmol) in CH,C1 2 
(10 ml) was added dicyciohexyicarbodiimide (226 mg; i.i 
mmol) . After stirring the resulting mixture for 5 
minutes, the solution was oooled to 0°C and treated with 
a solution of phenyl me ro apt an (13 6 mg; 1.0 mmol) and 4- 
dimethylarr.inopyridine {6 mg; in 5 mi of CHvCi,. The 
mixture was allowed to warm to room temperature with 
stirring overnight. The solids were removed by 
filtration and the filtrate was concentrated in vacuo; 
the crude residue was purified by flash chromatography 
(10:1 hexane : ZtCAc ': to obtain 30G rr.c (80%: cf .10. as an 
Oil. H NMr. CDC I : . , SCO MHz;: d 0.54 It. 3H, J=7.5i; 
1.2" -s. 3K; : 1.30 is, 3H) ; l.'34-1.8S itr. 7K) ; 2.45 (m, 
1H: ; 2 . 90 :t, 2H, j=7.7; ; 3.26 ;t, 2H, ;«-.7) ; 3.27 !rr., 
1H:- ; 3.3= in, IK: ; 5.34 It, IK); 7.24 -7.36 (m, 5H) . 
Anal.- Calcc. for C ; .K,,NO,3 : C, 67.17; H , 7.7S; N, 3.73. 
Found: . C, 67.02; K , 7.83; N, 3.78. 

As discussed above, the compounds cf the present 
invention have an affinity for the FK506 binding protein, 
particularly FK3P12. The inhibition of the prolyl 
pept idyl as - trans iscmerase activity of FKBP may be 
measured as an indicator of this affinity. 
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K. Test Procedure 
Inhibitor. of the peptidyl -prolyl isoraerase 
irctamasei activity of the inventive compounds can be 
evaluated by known methods described m the literature 
(Harding et al . , Nature. 1989, 341:756-760; Holt et al 
J. Am. Chsnt. Soc . , 113:9923 -9935). These values are 
obtained as apparent K.'s and are presented for 
representative compounds in Table IV. The cxs-zrans 
isomerization of an alanine -proline bond in a model 
substrate , N-succinyi - Ala- Ala -Pro- ?he -p- mtroanilide , is 
monitored spectrophotometricaily m a chynctrypsin- 
ccupiea assay, which releases para- nitroaniiide from the 
trans form of tne substrate. The inhibition of this 
reaction caused by the addition of different 
ccr.csntrations of inhibitor is determined, and the data 
is analyzed as a change m first -:raer rate constant as 
a r unction or inhibitor concentration zo yield the 
apparent K._ values . 

In- a plastic cuvette are added 95C mL of ice cold 
assay buffer (25 mM HEPES, pH 7.8, 100 mM NaCl) , 10 mL of 
FK - ? (2.5 mM m 10 mM Tris - 21 pH n . 5 , 100 mM NaCl, 1 mM 
dithiothreitol) , 2 5 mL of chymotrypsin (50 mg/ml in 1 mM 
HCii and 10 mL of test compound at various concentrations 
in dimethyl sulfoxide. The reaction is initiated by the 
addition of 5 mL of substrate (succinyi-Aia-Phe-Pro-Phe- 
para -nitroaniiide , 5 mg/mL in 2.35 mM LiCl in 
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nerve growth factor, immunophilin ligands cr combinations 
of NFG plus drugs. Forty-eight hours after drug 
treatment, the ganglia were visualized under phase 



contrast cr Hoffman Modulation contrast with 



a Zeiss 



Axi overt inverted microscope. Photomicrographs of the 
expiants were made, and neurite outgrowth was 
quant itated. Neurites longer than the DRG diameter were 
counted as positive., with total number cf neurites 
quant itated per each experimental condition. Thre~ 

~ a «- _ - ^ „ „ 

i « - ~ ~ , d.i^ cd^a ^rsawinent was 

per f c rmed in duplicate. 

Dose- response curves were generated from which ED 50 
values were cbtamed. The results of these experiments 
are presented m Table IV under the column "ZDSO" 
Representative photcmi crcgrapns cf untreated : control • 
sensor-/ neurons and cf compounds 1 ( 1 C oM , l nlA. l aM' 
9 1 riM, 100 nM) and 10 (10 P M, i n ,v w 10G ^ 

promo ting neurite outgrowth m sensory neurons are shewn 
l(A-D), 2 (A-D) and 3 !A-D; , respectively. 



m FIG . 's 



MPTP Model of Parkinson' a Disease 

The remarkable neurotrophic and neuroregenerat lve 
etrects of the present inventive compounds were further 
demonstrated in an animal model cf neurodegenerative 
disease. MPT? iesioning of dopaminergic neurons in mice 
was used as an animal model of Parkinson's Disease. Four 
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trif iuoroethancl ) . 

The abscrbanoe at 3 9C run versus time is monitored for 
9C seconds using a spectrophotometer and the rate 
constants are determined from the abscrbance versus time 
data files. 

The data for these experiments for representative 
compounds are presented in Table IV under the column 

" Y i M 

The neuronrcphi: effects of -he compounds cf the 
present invention can be demonstrated in cellular 
biological experiments in vitro, as described below. 



Chick Dorsal Root Ganglion 
Cultures and Neurit e Outgrowth 

The neurotrophic effects of the FKBP inhibitor 
zcmccuncs were demonstrated by evaluating the ability cf 
tne compounds to promote neurite outgrowth in cultured 
chick sensory neurons from dorsal root ganglia. Dorsal 
root- ganglia were dissected from chick embryos of ten day 
gestation. Whole ganglion expiants were cultured on thin 
layer Matrigei -coated 12 well plates with liebovitz LIS 
plus high glucose media supplemented with 2 mM glutamine 
and 10% fetal calf serum, and also containing 10 fiM 
cytcsine S-D arabinof uranoside (Ara C) at 37°c in an 
environment containing 5% CO : . Twenty-four hours later, 
the DRGs were treated with various concentrations of 
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TABLE TV 

In Vitro Test Results 
Exam P ie * KLflM ED5Q. nM % TH ^ 

1 31 0.4 23 

2 210 

3 85 



31 8.7 



35 62 

36 7 



61 
54 
53 



9 104 0.5 

10 12 0.8 

11 299 0.36 

12 442 0.025 

14 313 0.9 48 

28 108 0.9 41 

29 59 0.003 50 

30 11 0.00025 65 



31 



32 362 - 52 

33 1698 

" 4 34 0.9 



48 



56 



37 68 

38 8.9 0.011 37.32 
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week old male GDI white mice were dosed i.p. with 30 
mc/kc cf MPT? for 5 days. Test compounds (4 mg/kg) , or 
vehicle, were administered s.c. along with the MFTP for 
5 days, as well as for an additional 5 days following 
cessation of MFTF treatment. At 13 days following MFTP 
treatment, the animals were sacrificed and the striata 
were dissected and homogenized. Immuncstaining was 
performed or. saggital and coronal brain sections using 
anti -tyrosine hydroxylase 1 g to quant it ate survival and 
recovery cf dopaminergic neurons. In animals treated 
with MFTF and vehicle, a substantial loss of functional 
dopaminergic terminals was observed as compared to ncn- 
-esicnec animals. Lesioned animals receiving test 
compounds snowed a significant recovery of ' TH-stained 
dopaminergic neurons. 

Tr.e resu.cs of these experiments are presented in 
TABLE IV under tne column "% TH recovery". Quantitation 
tor tne recovery of TK-pcsitive dopaminergic neurons in 
tne striatum cf animals receiving compounds 1, 9 and 10, 
and for representative control and lesioned animals not 
receiving the test drugs, are presented in FIG. 4. 
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39 

40 

41 

42 

43 

44 

45 

46 

i ~ 

t i 

48 
49 
50 
51 
52 

53 
54 
55 
56 
57 
58 
59 
60 



347 

1226 

366 

28 

259 

188 

31 

757 

21 

127 

1334 

55 

33 

6 

261 

37 

30 

880 

57 

79 

962 

90 



47 



25 



50 
28 

62 
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10 



61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 



139 

196 

82 

163 

68 

306 

177 

284 

49 

457 

788 



38 



23 



25 



15 



20 



Plications and patents identified above are 
hereby incorporated by reference. 

The invention being thus described, it will be 
obvious that the same may be varied m many ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention and all such 
modifications are intended to be included within the 
scope of the following claims . 



WO 98/13343 



PCTYUS97/ 15832 



49 

WE CLAIM: 

I. A compound of formula II: 



10 




straight or branched chain alky!, C--C 5 straight cr 
branched chair, aikenyl, Ar : and mixtures thereof, wherein 
said R. is unsubst ituted or substituted with halo, nitro, 
20 C ; -C, straight or branched chain alkyl , C : -C 6 straight or 

branched -hain aikenyl, hydroxy, C L -C 4 alkoxy, C ; -C 4 
aikenyl oxy, phencxy, benzyloxy, amino, Ar, or a mixture 
thereof ; 

R : is selected from the group consisting of C, -C 9 
25 straight cr branched chain alkyl, C : -C 9 straight or 

branched chain aikenyi, C 3 -C s cycicalkyi , C c -C 7 
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cycicalkenyl and Ar. ; and 

Ar. is phenyl, benzyl, pyridyl , fluorenyl, 
chiciadolyl cr naphthyl wherein said Ar, is uniubstituced 

or substituted with halo, hydroxy, nitro, C-C s straight 
or branched chair, aikyl, C : -C 6 straight or branched chain 
alkenyl, c : -C, alkoxy, C : -C 4 aikenyloxy, phenoxy, 
benzyioxy, amine cr a mixture thereof. 

2. The compound cf claim i, wherein: 
n is I ; and 
X is 0. 



3. The compound of claim 2, wherein Z is CH, . 

4. The compound of claim 3, which is selected from 
the group consisting of: 

(255 -2- ({1 -Cxo - 5 -phenyl } -pentyi - 1 - { 3 , 2 - dimethyl - 1 . 2 - 
dicxepentyl ) pyrrolidine ,- 

3, .3 -Dimethyl -1- [ (25) -2- (5- ( 3 -pyridyl ) pentanoyi ) - 1 - 
pyrrolidine] -1 , 2 -pentanedione ,• 

(25) - 2- ( (l-Oxo-4 -phenyl} -butyl -1- ( 3 , 3 -dimethyl - 1 , 2 - 
dioxobutyl) pyrrolidine; 

(25) -2- ( f i -Oxo-4 -phenyl } -butyl-1- • 2 - cyclohexyl - 1 , 2- 
dioxoethyl) pyrrolidine; 

2 - ( { 1 - Oxo-4 -phenyl } -butyl - 1 - ! 3 , 3 -dimethyl -1,2- 
dicxobutyl) pyrrolidine; and 
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1 - ( (2 5) - 2 - [ 5 , 5 - di { 4 - Fluorophenyl ) pentanoyl ] - 2 - 

ione . 



pyrrolidine 1-3, 3 -dimethyl -1,2 -pentaned 



The compound of claim 2, wherein Z is S 



The compound of claim 5, which is selected from 
the group consisting of: 

2- Phenyl -1 -ethyl 1- (3 , 2 -dimethyl -1 , 2 -dicxopentyl ) -2- 
piperidmecarbothioate ; 

•!2 -Thiemcolyl ) methyl i2S) -1- (2 , 3 -dimethyl - 1 , 2- 
dioxopentyi - 2 -pyrrolidinecarbothioate ; 

2 -Phenyl - I -ethyl (2 5) - 1 - f 2 - cy c 1 ohexy 1 - l , 2 - 
dicxopentyl ) - 2 -pyrroiidmecarbcthioate ; 

2 - Phenyl - 1 -ethyl ( 25« -1- ( 1 - eye lcpenty 1 - l , 2 - 

dicxopentyl - 2 -pyrrol idmecarbc thicate ; 

2 - Fher.yl - 1 - propyl i2S) -1- '2, 3-di me thy 1-1,2 - 

cioxopentyl : - 2 -pyrrolidinecarbothioate ; 

2 - (2 -Pyridyl; -1 -propyl (2S) - i- (3, 3 -dimethyl - 1 , 2- 

dioxopentyl; - 2 -pyrrolidinecarbothioate ; 

2 - Phenyl -1 -propyl (2 5) -1- ( 2 - eye i ohexy 1 - 1 , 2- 

dioxoethyl ) - 2 -pyrrolidinecarbothioate ; 

4- Phenyl -1 -butyl (2 5) -1- { 2 - cy c 1 ohexy 1 - 1 , 2- 

dioxoethyi } -2 -pyrrolidinecarbothioate ; 

4-?henyl-l-butyl { 2 5) -1- (2,3 - dime thy 1 -1,2- 
dioxopentyl- -2 -pyrrolidinecarbothioate ; 
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3 - i 3 - ?yr idyl ) - 1 -propyl ( 25) - 1 - ( 2 - cyclohexyl -1,2- 

dioxopentyl) - 2 -pyrrolidinecarbothioate ; 

2 , 3 -Diphenyi-l -propyl (25) -1- ( 2 , 3 -dimethyl - 1 , 2 - 
dicxcpentyl) -2 -pyrrolidinecarbothioate ; 

3 , 3-DiphenyI-l -propyl (25) -1- ; 2 -Cyclohexyl - 1 , 2 - 
dioxopentyi ; - 2 -pyrrol idinecarbothioate ; 

3- i para -Me thcxyphenyl) -I -propyl (25) -l- (3 , 3 -dimethyl - 
1,2 -dioxopentyi ! -2 -pyrrolidinecarbothioate ; 

3 , 3 -Di i para -Fiuoro) phenyl - 1 -propyl (25) - 1 - (3,3- 
dimethyi -1,2- dioxopentyi ; - 2 -pyrrolidinecarbothioate ; 

4 , 4-3i ■ para -fiucrcphenyi) butyl . 1 - { 3 , 3 -dimethyl -2 - 
oxopentanoyl ;• - 2 -pyrrolidinecarbcthioate ; 

3- : 1-Naphrhyl; propyl i 2 £) -1- < 3 , 3 -dimethyl - 2 - 

cxopencancyi ;• -2 -pyrrol idinecarbothioate ; 

2 ,2 -Di phenyl ethyl : 2 S ' - 1 • ■; 2 , 3 - d i me t h y 1 - 2 - 
oxopentanoyl ) tetrahydro - IK- 2 -pyrrolecarbcthioate ; 

3 " * -Trif luoromethyl;- phenyl; propyl ( 25) -1 - (3 , 3 - 
dimethyl -2 -oxopentanoyl ; -2 -pyrrolidmecaroothioate ; 

3- (2-Naph thy 1) propyl (2 5) -1- ( 3 . 3 -dimethyl -2 - 

oxopentanoyl ) - 2 -pyrrolidinecarbcthioate 

3 - ; 3 - Chlorophenyl ) propyl { 25) - 1 - ( 3 , 3 -dimethyl -2 - 

oxopentanoyl ) - 2 - pyrrol idinecarbothioate ,- 

3 - [3 - (Trif iucromethyl) phenyl) propyl (25) -1- (3,3- 

dimethyl -2 -oxopentanoyl) -2 -pyrrolidinecarbothioate ; 

3 - il-3iphenyl) propyl (2 5) -1- (3 , 3 - dime t hyl - 2 - 

oxopentanoyl) -2 -pyrrolidinecarbothioate ; 
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3- ( 2 -rluorcphenyl) propyl [2S) -1- 13 , 3 -dimethyl -2 - 

oxopencanoyl } - 2 -pyrrol idmecarboc hi cat e ; 

3- (3 -riucrophenyi; propyl (25! -1- (3 , 3 -dimethyl -2 - 

cxopencancyi ) - 2 -pyrrolidinecarbochioace ; 

3- ! 2 -Chlorophenyl) propyl (25) -1- (3 , 3 -dimethyl - 2 - 

oxopencancyl ;■ - 2 -pyrrol i dine carbcthicate ; and 

3- (3 , 4 - Timer hoxyphenyl ) propyl i2S) -1- ; 3 , 3 -dimethyl -2 - 
oxopencancyl ) -2 - pyrrol idinecarbot hi oate . 

7. The compound of claim 1, wherein: 
n is 1 ; and 

A 13 w . 

S. The compound of claim 7, wherein Z is CH : . 

r. The compound of ~, wherein I is £ . 

13. The compound of claim 1, wherein: 
n is 2 ; and 
X is 0. 

11. The compound of claim 1C , wherein Z is CH 2 . 

12. The compound of claim 11, which is selected from 
the group consisting of: 
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2- ( { l-Oxo-S -phenyl } -hexyl-l- ( 3 , 3 -dimethyl - l . 2 - 
dicxobutyl ) piperidine ; and 

3. 3 -Dimethyl -1- [2- (4-phenylpentanoyl) piperidino] -1,2- 
pentar.edione . 

13. The compound of claim 1G, wherein 2 is S . 

14. The compound of claim 13, which is selected from 
the group consisting of: 

2 -Phenyl -l-ethyi (2S) - 1 - 3 , 3 -dimethyl - l , 2 - 
dicxopentyl; -2 -pyrrol idinecarbothioate ; 

2 - Phenyl -i -ethyl i - ; 2 -phenyl - 1 , 2 -dicxoethyl ) -2- 
piperidinecarhothicate ; 

3 - Phenyl -1 -propyl 1 - ■ 3 . 3 -dimethyl- i , 2 -dicxobutyl ) -2- 
piperidmecarbothicate ; 

4 - Phenyl-: -outyl 1- 1 , 2 -dioxc - 2 , 3 -dimethyibutyl } -2- 
piperidmecarbcthioate ; 

1 , 5 - Ciphenyl - 3 -pentyi 1 - ( 2 , 3 -dimethyl -1,2- 
dioxopentyl) -2 -piper idinecarfaothioate ; 

1 , 5 -Diphenyl - 3 - mercaptcpencyl 1- { 3 -phenyl -1,2- 
iioxoethyl ; -2 - piper idmecarbothioate ; 

3- {para-Mechoxyphenyl) -i-propyi 1- ( 1 , 2 -dioxo-3 , 3 - 
dime thy Ipentyl ) p i pe r i dine - 2 - carbo t hi ca t e ,• 

3- (para-Methoxyphenyl) -1 -propyl 1- ( 2 -phenyl - 1 , 2 - 

dicxoethyl ) piper idine - 2 -carbothioate ; 
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3- (l-Naphthyl) -1 -propyl 1- (3 , 3 -dimethyl - I , 2- 
dicxopentyl ) piper idine - 2 -carbothioate ; 

2,2-Dichsnylechyl (2S) -1- ( 3 , 3 - d ime t hy 1 - 2 - 
cxcpentanoyl; -2 - piperidinecarbothisate ; 

3 , 3 -Dipher.ylprspyl 1- (3 , 3 -dimethyl- 2 -cxopentanoyl} -2- 
pipendir.ecarbcthicate ; 

3- ( 2 -Naphthyl 'propyl (2R, S) -1- (3 , 3 -dimethyl -2 - 
oxopen t ar.cy 1 ) - 2 -pipe ndine c arbc t hi oa c e ; 

4- ?henyibutyl I- ( 3 , 3 -dimethyl - 2 -oxoper.tanoyi ! -2- 
piperidmecarbcthioate ; 

3 - Pheny ipropyi 1 - ( 3 , 3 - dime thy 1 - 2 - oxoper.tanoyi ) - 2 - 
piperidmecarbothicate ; 

3 - ; 2 - Chlcrophenyl ) propyl 1 - ( 3 . 2 -dimethyl - 2 - 
cxopentanoyl • -2 -piperidinecarbcthioace ; 

2 - ; 2 - F 1 u o r o p hen y 1 ) p r o py 1 : - : 2 , 3 - d i me t hy 1 - 2 - 
oxcpentar.cyl ; -2 -piperidinecarbcthicate ; and 

2 - ( 3 - Fiuorophenyl ! propyl 1 - i 3 , 3 -dimethyl - 2 - 
cxcpentanoyl ) - 2 -piperidinecarbcthicate . 

15/ The compound of claim 1,' wherein: 
n is 2 ; and 
X is S. 

16. The compound of claim 15, wherein 2 is CH 2 . 

17. The compound of 15, wherein Z is S . 
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18. The compound of claim 15, wherein 2 is CHR. . 

19. The compound of claim 18, which is 2- ( (l-Oxo- [2 
[2' -phenyl} ethyl] -4 -phenyl } -butyl - I - ; 3 . 3 -dimethyl - 1 . 2 • 
dioxcbutyl ; piperidine . 



20. A pharmaceutical composition comprisinc: 

(i) an effective amount of the compound of claim : 

for effecting a neuronal activity; and 
in. 3 pharmaceutical!*/ acceptable carrier. 



21. The pharmaceutical composition of claim 20, 
wherein, m said compound: 
n is 1; and 
X is C. 



22. The pharmaceutical composition of claim 21, 
wherein, m said compound, 2 is CH. . 



23. The pharmaceutical composition of claim 22, 
' vn - s: -- : - 3£id compound is selected from the group 
consisting of: 

\2S) -2- ( (l-Oxo -5 -phenyl} -pentyl-1- (3 , 3 -dimethyl - 1 , 2 - 
dioxopentyi ) pyrrolidine ; 

3 , 3 -Dimethyl-l- [ (2 5) -2- (5- (3-pyridyl) pentanoyl) -1- 
pyrrolidine] -1, 2 -pentanedione ; 
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•: 2 5} - 2 - : ( i -Oxo- 4 - phenyl } -butyl - 1 - ( 3 , 3 - dimethyl -1,2- 
dioxobutyl /pyrrolidine ; 

(25) - 2- « {i -Oxo -4 -phenyl) -butyl-l- ( 2 -cyclohexyl - 1 , 2 - 
dicxoethyi ; pyrrolidine ; 

2 - { 1 1 -Oxc - 4 - phenyl } - butyl - 1 - f 3 , 3 - dimethyl -1,2- 
dioxohucy 1 • pyrrol idine ; and 

I- ; <2S) - 2- i'S , 5-di (4 -Fiucrcphenyl ) pentar.oyl] - 2- 
pyrrciidme > -3 , 3 -dimechyi-l, 2-pentanedicne . 

The pharmaceutical composition of claim 21, 
n said compound, Z is S. 



wherein . 



25. The pharmaceutical composition of claim 24, 
wherein said compound is selected from the grout 
consisting of : 

2 - Phenyl - : -ethyl : - {3,3 -dimethyl - : , 2 -dioxopentvi > - 2 - 
piperidmecarbothioate ; 

;3-Thioinaoiyl)methyl (25} -1- (3, 3 - dime thyl - 1 , 2- 
dioxcpentyi ) - 2 - pyrrol idinecarbothicate ; 

2 - Phenyl - 1 -ethyl (2 5) -1- { 2 - cyclohexyl - l , 2 - 
dioxopentvi ) - 2 -pyrrol idinecarbothicate ; 

2 - Phenyl - 1 -ethyl (2S) -1- ( 1 - eye 1 openty 1 - 1 , 2- 
dioxcpencyl) -2 -pyrrol idinecarbothicate,- 

3 - Phenyl-! -propyl (2S) -1- (3, 3 - dimethyl - 1 , 2- 
dioxopentyl ) -2 -pyrrol idinecarbothicate 



WO 98/13343 



PCT/US97/15832 



58 



3- !3-?yridyi) -1 -propyl (25) - i - { 2 . 3 -dimethyl - 1 , 2 - 

dicxcpentyi ) - 2 -pyrroiidinecarbo-hicace ; 

3 - Phenyl-: -propyl (25) -l- ( 2 - cyclohexyl - l , 2 - 
dicxoechyl • -2-pyrrciidinecarbochioate ; 

4- ?he-yl-i-bucyi (25) -1- (2 -cyclohexyl - i , 2 - 
dicxoechyl) - 2 -pyrrciidinecarbochioaoe ; 

4-?henyi-i-buryl (255 -l- (3, 3 - dimethyl - i . 2 - 
dioxopentyl: -2-pyrrciidinecarbcthioate; 

3 - 3 - Pyridyi ) - 1 -propyl (25? -1- ;2- cycichexyl -1,2- 

d i oxcpe n t y 1 = - 2 - py r r c 1 i di ne c arbo c hi c a z - ; 

3 , • -Dip.ier.yi - 1 -propyl < 2S5 - 1 - [ 3,3- dimethyl -1,2- 
d i oxope r. z y 1 :> - 2 - py r r o 1 i d i r.e c ar bo t h i c a c e ; 

3 . 2 - Diphenyi - 1 -propyl (25) -1- ; 2 - Cycichexyl - i , 2- 
dicxcpencyl ,< -2 - pyrrol idi-ecarbothioace ; 

3 - : para -'Aez he xyp he r.y 1 : - 1 - propyl ■ 25) - 1 - >' 3 , 3 -dimethvi - 
1 , 2 -dicxcpentyi ., - 2 - pyrrol idinecarbothioate ■ 

3 . 3 - Di { para- Flue r: ) phenyl- 1 -propyl (255 -1- (3.3- 
dimethyl -1,2 -dioxopentyl : - 2 - pyrrol idir.ecarbcchioace ; 

4.4- Di (para- f iuorcpher.yl ) butyl 1- { 3 , 3 -dimethyl -2- 
oxcpentancyl) - 2 -pyrrolidinecarbothioate ; 

? - • 1-Naph-hvl ' propyl (25! -1- ( 3 , 3 - dime: hy 1 - 2 - 

cxopentanoyl } - 2 -pyrrolidinecarbothioate ; 

2, 2 - Diphenyi ethyl (25) -1- i 3 , 3 -dimerhyl - 2 - 
oxopentancyi) cetrahydrc- 1K-2 -pyrroiecarbcthioate ; 

3-14- (Trif iuoromethyi; phenyl] propyl (25) -1- (3 , 3 - 

dimethyl -2 -cxopentanoyl; -2 -pyrrolidinecarbothioate ; 
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2 - { 2 -Naphchyl ) propyl (2 5) -1- (3 , 3 - dime thy 1 - 2 - 
oxcpentancyl 5 - 2 -pyrrciidinecarbcthicate ; 

2- (3-Chicrcphenyi)prcpyl (25) -1- { 3 , 3 -dimethyl -2 - 
cxcpentanoyl i - 2 -pyrrciidinecarbothioate ; 

3 - [3 - (Trif iucrcmethyi ) phenyl ) propyl (25) - 1- (3,3- 
dimethyl - 2 -cxcpentanoyl ) -2 -pyrrciidinecarbothioate ; 

3- il-Biphenyi) propyl (2 5) -1- (3 , 3 -dimethyl - 2 - 
cxcpentanoyl ) - 2 -pyrrol idinecarbcchioat e ,- 

3- ! 2 -Flucrophenyl) propyl (25) -1- ; 2 , 3 -dimethyl -2 - 

cxcpentanoyl : - 2 -pyrrol idinecarbcthioate 

2 - i 2 -Flucrocher.yl > propyl (25! -1- (3 , 2 -dimethyl - 2 - 

cxcpentanoyl < -2 -pyrrclidinecarbcthioate ; 

2- \ 2 -Chlcrcphenyl) propyl (25) -1- ■; 3 , 3 -dimethyl - 2 - 

cxcpentanoyl 2 -pyrrclidinecarbcthioate ; and 

2 - -3.4 -Zimetnoxyphenyl } propyl ;25l - 1 - ■;' 3 , 2 -dimethvl - 2 - 
cxopent ancyl ; - 2 -pyrrc 1 idinecarbot hioate . 

2c. The pharmaceutical ccmpositicn of claim 2C, 
wherein, m said compound: 
n is 1 ; and 

X 13 S. 

27. The pharmaceutical composition cf claim 26, 
wherein, in said compound, Z is CH : . 
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m said compound, Z is £. 

29- The pharmaceutical composition of claim 20, 
wherein, in said compound: 
n is 2; and 
X is C. 

20. The pharmaceutical composition of claim 29, 
wherein, in said compound, 2 is CH : . 

21. The pharmaceutical composition of claim 30, 
wherein said compound is selected from the group 

consisting of: 

- - - 1 -CaO- 6 -phenyl } - nexy I - : - ; 3 , 3 -d:metnv! -1,2- 
aioxobut y 1 ; piper 1 cine ; and 

3 , j -Dimethyl -1- [2- ; 4 -phenyiper.tancyl piperidino] -1,2- 
pentanedicne . 

32. The pharmaceutical composition of claim 29, 
wherein, in said compound, Z is S . 

33. The pharmaceutical composition of claim 32, 
wherein said compound 13 selected from the group 
consistinc of: 
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2 -Phenyl-! -ethyl (25) -1- (3 , 3 -dimethyl - i , 2- 

dioxopentyi : : -2 -pyrrciidinecarbcthioate ; 

2 -Phenyl-: -ethyl I- ( 2 -phenyl - 1 , 2 -dioxoethyi } -2- 
pipendmecarbcthicate ; 

2 - Phenyl - 1 -propyl 1- (3, 3 -dimethyl - 1 , 2-dioxcbutyi ) -2- 
pipendmecarbcthicate ; 

4- Phenyl -1 -butyl 1- (1, 2-dioxc-3, 3 -dimethylbutyl ) -2- 
piperidmecarbcthioate ; 

I , = - Ciphenyl - 3 -penry 1 1 - ( 3 , 3 - dimethyl -1,2- 
dioxopentyl; - 2 -piperidinecarbcthioate ; 

1, SOiphenyl-: - -riercaptopentyl 1- ( 3- phenyl- I, 2- 
dioxoerhyl • -2 - pipendinecarbothioate ,- 

: - ..para-Methoxyphenyi ) -1 -propyl 1- ;i, 2-dioxc-3 , 3- 
dine thy. pent yl ; piper i dine - 2 -carbothioa te ; 

3- 1 rara-Methoxyphenyl • - 1 - propyl I- ' 2 - phenvl - 1 , 2 - 

dioxt ethyl pi per id me - 1 - tarbct hicate ; 

2 - ; 1 -Napht hy 1 ; - 1 -propyl 1 - { 2 , 3 - dime thyi - 1 , 2 - 

dicxopentyi ;■ piperidine-2 - carbothicate ; 

2 , 2 - Dipheny ie t hyi (2 5) - 1 - ( 3 , 3 - d i me t hy 1 - 2 - 
oxopentanoyi ) -2 -piperidinecarbcthioate ; 

2 , 3 -Diphenyiprcpyl 1- ( 3 , 3 -dimethyl -2 -oxopentanoyi ) -2- 
piperidmecaroothioate ; 

2 - ( 2 -Naphthyi ) propyl ; 2 R , S) - 1 - ( 3 , 3 -dimethyl - 2 - 
oxopentanoyi ) -2 -piper i dine carbothioa te ; 

4 - Phenyibutyl 1 - ( 3 , 3 -dimethyl -2 -oxopentanoyi ) - 2 - 
piperidinecarbcthioate ; 
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3 - Pheny Ipropy 1 1 - ( 3 , 3 - dimechy 1 - 2 - oxopentanoy 1 } - 2 - 
piperidinecarbcchioate ; 

3- ( 2 -Chlorophenyi) propyl i- ( 3 , 3 - dime t hy 1 - 2 - 
oxopentanoy 1 ) - 2 -piperidmecarbcthioate ; 

3- ( 2 -Fiuorophenyl) propyl 1- (3, 3 - dime thyl - 2 - 
oxopentanoy! ) - 2 -piperidinecarbochioate ; and 

3- (3 -Fiuorophenyl) propyl 1- (3, 3 - dime thy 1 - 2 - 
oxopentanoy! < - 2 -piperidinecarbothioate . 

34. The pharmaceutical composition of claim 20, 
wherein, in said compound: 
n is 2; and 



25. The pharmaceutical composition of claim 34, 
wherein, m said compound, Z is CH : . 



36. The pharmaceutical composition of 34, wherein, 
in said compound, 2 is S . 

The pharmaceutical composition of claim 34, 
in said compound, Z is CHR, . 

The pharmaceutical composition of claim 37, 
wherein said compound is 2 - ( { 1 -Oxc- [2 - { 2 ' -phenyl } ethyl J - 
4 -phenyl} - butyl-i - I 3 , 3 - dimethyl - : , 2 - 



37 . 
wherein , 
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dioxcbutyl } piperidine . 



29. A method for effecting a neuronal activity in an 
animal, comprisinc:: 

administering to the animal an effective amount cf 
the compound of claim l. 



4C. The method cf claim 39, wherein the neuronal 
activity is selected from the group consisting of 
stimulation cf damaged neurons, promotion of neuronal 
regeneration. prevention cf neurodegenerat ion and 
treatment of neurological disorder. 



The method z f claim 4 0, wherein the nsuj 



>l.~rr-: 



•ciscrder is selected from the group consisting cf 
peripheral neuropathy caused by physical injury cr 
disease state, traumatic in~ury to the brain, physical 
damage to the spinal cord, stroke associated with brain 
damage, and neurological disorder relating to 
neurodegeneraticn . 



42. The method of claim 41, wherein the neuroloaicai 
disorder relating to neurodegenerat ion is selected from 
the group consisting of Alzheimer's Disease, Parkinson's 
Disease, and amyotrophic lateral sclerosis. 
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42. The method cf claim 35, wherein, in said 

compound : 

n is 1; and 
X is O. 



44. The method of claim 43, wherein,, in said 
compound, Z is CH 2 . 

45. The method of claim 44 , wherein said compound is 
selected from the group consisting cf : 

;:s; - :- ; : i-Oxo-5 -phenyl } -pentyi-l- • 2 , 3 -dimethyl- 1 , 2 - 
dicxopentyl : pyrrolidine; 

2, 3-Zime-hyl-l- [ <2S) - 2 - ( 5 - ? 2 - pyr idyl ) pen tanoyl ) - 1 - 
pyrrolidine; -1,2 - per. cane dione ; 

:2D - 2- . • 1 -Oxo -4 -phenyl} -butyl- 1- ■ 3 , 3 -dimethyl - 1 , 2 - 
aitxobuty 1 : pyrrol idine ; 

(IS) - ; - ■ ( 1 -Oxo-4 -pnenyi } -butyl -1- ( 2 -cycichexyl -1,2- 
dioxoethyi • pyrrolidine ; 

2-i (l-Oxc- 4 -phenyl) -butyl -1- !3, 3 - dime t hy 1 - 1 , 2- 
dioxcbutyi ) pyrrolidine ; and 

- - \ 2D - 2 - [5 , 5 -di ( 4 - F lucropheny 1 pent anoyl ] - 2 - 
pyrrol idme } - 3 , 3 -dimethyl - 1 , 2 -pentanedione . 

45. The method of claim 43, wherein, in said 
compound, Z is 3 . 
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47. The method of claim 4£, wherein said compound is 
selected from the crcup consisting of: 

2- Phenyl -l-eohyl 1- (3,3 -dimethyl -1,2 -dioxopentyl ) -2- 

piperidinecarbcthioate ; 
5 ( 3 -Thicindolyl ) methyl (2 5) -1- (3 , 3 -dimethyl- 1 , 2 - 

dioxopentyl ) -2 -pyrrclidinecarbothioate ; 

2 - Phenyl - 1 - ethyl (25} -1- ! 2 - cyclchexy 1-1,2- 
dioxopentyi ; - 2 -pyrrclidinecarbothioate ; 

2 - Phenyl - 1 - ethyl ! 2 5} - 1 - ( 1 - cycicpencyl -1,2- 
- C a i o xo pent y _ • - 2 - p y r r c 1 1 dine c a r bo t h i oa t e ; 

- - ? ne ny 1 - 1 - p r c p y 1 (25) - 1 - f 3 , 3 - d i me t h v 1-1,2* 

dioxopentyl . - 2 -pyrrol idinecarbc t hioate ; 

3 - ( 3 - Pyridyi ; - 1 -propyl ( 25! -1 - { 3 , 3 -dimethyl -1,2- 
dioxcpentyl • - 2 -pyrrolidinecarbcthicate ; 

1 S 3 - ? n e n y 1 - 1 - p r z p y 1 : 2 5 : - 1 - = 2 - c y c I c h e x v 1 - 1 , 2 - 

diozcecnyl - 1 - pyrrol idmecarbot hioate ; 

4 - Phenyl - 1 - butyl (25; -1- ( 2 - oyc 1 ohexy 1 - 1 , 2 - 
dicxcethyi ) -2 -pyrrclidinecarbothioate ; 

.4 - Pnenyl - 1 - buty 1 ; 2 5) - 1 - ( 3 , 3 - d i me t hy 1 - 1 , 2 - 
20 dioxopentyl) - 2 -pyrrclidinecarbothioate ; 

3 - (3 -Pyridyi) -1 -propyl (25! -1- ( 2 -cyclohexyl - 1 , 2- 

dicxopentyi 5 - 2 -pyrrclidinecarbothioate ; 

3 , 3 -Z'iphenyl - 1 - propyl (2 5) - 1 - (3,3 - dimethyl -1,2- 

dioxopentyl ) -2 -pyrrclidinecarbothioate ; 

3 , 3 - Di phenyl - 1 -propyl { 2 5) - I - (2 -Cyclohexyl -1,2- 

dicxopentyi } -2 -pyrrclidinecarbothioate ; 
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3- (para-Methcxyphenyi) -1 -propyl (25) -l- (3 , 3 -dimethyl - 

l, 2 -dicxopentyi) -2 -pyrrolidinecarbothioate ; 

3 . 3 - Bi (para -Fiucro) phenyl - I - propyl (25) - I- (3,3- 
dime thyl - 1 , 2 -dioxoper.tyi ) - 2 -pyrrol idinecarbothioate ; 

4. 4- Di (para- fiuorophenyl) butyl 1- (3. 3 -dimethyl -2 - 
cxopentancyi: -2 -pyrrolidinecarbothioate 

3- i 1 -Naphthyi ; propyl (25) -1- (3, 3 - dime thyl - 2 - 

cxopentancyi; -2 -pyrrciidinecarbcthicate ; 

2,2- D icher.y 1 e: hyl ( 2 S) - 1 - ; 2 , 3 -dimethyl - 2 - 
c xc pe n - a r. oy 1 :■ t e t r a hydro - IK- 2 -pyrrclecarbcthioace ; 

3- [4- (Trif luoromethyl ) phenyl; propyl (25) -1- (3 , 3- 

dimethyl -2 - oxoper.tanoyl ) - 2 - pyrrol idir.ecarbothioate ; 

3 - : 2 -Naphthyl ) propyl ( 25: - 1 - • 2 , 3 - dimethyl -2 - 

cxopen-ar.cyl ' -2 -pyrrolidinecarbcthioate ,- 

3 - I- - Chlcrcpher.yi propyl i 2 5 > - 1 - ( 3 , 3 -dimethyl - 2 - 

cxopent ar.cy 1 ;• - 2 - pyrrt 1 idineoartot hi oat e ; 

3- 'Trif luoromethyl ) phenyl :• propyl (25) -1- (3,2- 

dimethyl - 2 -oxoper.tanoyl ) - 2 -pyrrol idineoarbcthioate ; 

3 - ( l-3iphenyi ) propyl (2 5) - 1- (3 , 3 -dimethyl -2 - 

oxopencanoyl) -2 -pyrrolidinecarbothioate ; 

3- -2 -Fiuorophenyl! propyl (25) -1- ' 3 , 3 -dimethyl -2 - 

oxoper.tanoyl ;• -2 -pyrrolidinecarbothioate ,■ 

2- 1.2- Fiuorophenyl i propyl (25) - 1 - (2,3 -dimethyl -2- 
oxopentanoyl) -2 -pyrrolidinecarbothioate ; 

3- ( 2 -Chlorophenyl) propyl (25) -I- (3, 3 -dimethyl -2- 
oxoper.tancyl) - 2 -pyrrolidinecarbothioate ; and 
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3- (3 , 4 Oimechcxyphenyl) propyl (IS) -1- (3 f 3 -dimethyl- 2- 
oxcpencancyl ) - 2 -pyrrolidmecarbcthioate . 

48, The method of claim 39, wherein, in said 
compound : 

n is 1; and 
X is S. 



^e metncc of claim 48, wherein, in said 
c r T -r 



EG. The method of claim 4S, wherein, in said 
compound, Z is S . 



The me t hod of claim 39, whe r e i n 



m saic 



n is ~ ; anc 

X 13 0. 



2 C 52. The method of claim 51, wherein, in said 

compound, 2 is CH 2 . 

53. The method of claim 52, wherein said compound is 
selected from the group consisting of: 
2 5 2 - ( { 1 -Oxo -6 - phenyl } -hexyl-1- (3 , 3 -dimethyl - 1 , 2 - 

dioxcbutyl) piperidine ; and 
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3 , 3 -Dimethyl -I- [2- ( 4 -phenylpentanoyl ) piperidinoj -1,2- 
pentanedione . 



54. The method cf claim 51, wherein, i n said 
compound. Z is S . 



55. The method of claim 54, wherein said compound is 
selected from the group consisting cf : 

2 - Phenyl - l -ethyl ( 2 5) - 1 - ( 3 , 3 - d i me t hy 1 - i . 2 - 
dicxopencyl) - 2 - pyrrol idmecarbothioate ; 

2 - Phenyl - 1 -ethyl 1 - (2 -phenyl - 1 , 2 -dicxoethyi } -2 - 
piperidi-ecarbcthicate ; 

3 - Phenyl -1 -propyl 1- < 3 , 2 -dimethyl - 1 , 2 -dicxcbutyi ) -2- 
■pipendinecarbcthioate ; 

4 - Phenyl- 1-butyi :- ; 1 , 2 -dioxo- 3 , 3 -dimethylbucvi- -2- 
o i pe r id me car oc t hi oat e ,• 

1,5- Cip-eny 1 - 3 -pentyl I - ; 3 , 3 - dimethyl -1,2- 
dioxopenty 1 - 2 - piceridinecarbcthioate ; 

1 , ~ -Diphenyi - 3 -me reap to pentyl 1 - ( 3 -phenvl -1,2- 
dioxoethyi ) - 2 -piperidinecarbothioate ; 

3- l para- Me thoxyphenyl) -i -propyl 1- { 1 , 2 -dicxo- 3 , 3 - 
dimethylpentyl) piperidine-2 -carbothioate ; 

3- ; para- Me ohoxyphenyi: -i -propyl l- { 2 -phenyl -1,2- 

diexoe-hyi ) piperidine-2 -carbothioate ,• 

3- (1-Naphthyl) -1 -propyl 1- !3 , 3 - dime thy 1 - l , 2- 
dioxopency 1 ) piper idine- 2 -carbothioate ; 
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2,2-Diphenyiethyi (25) - 1 - ( 3 , 3 - dime t hy 1 - 2 - 
oxopentar.cyl ) - 2 -piperidinecarbcthioate ; 

3 , 3-Diphenyipropyl 1 - f 2 , 3 -dimethyl -2 -cxopentancyl ) -2- 
piperidmecarbcchicate ; 

3- = 2 -Napnthyli propyl (25,5) -1- ( 3 , 3 -dimethyl - 2 - 
cxcper.tanoyi ; - 2 - piperidinecarbothioace ; 

4 - Phenylcutyi 1- (3 , 3 -dimethyl -2 -oxcpentanoyl } -2- 
piperidir.ecarbochicate ; 

3 - Phenylprcpyl 1 - { 3 , 3 - dimethyl - 2 -oxcpentanoyl ) - 2 - 
c i c- e r i d m e c a r b c c h : cat* 51 ■ 

3 - : 2 -Chiorcphenyl ; propyl 1- (3 , 3 - dimethyl - 2 - 
oxcpentanoyl :• - 2 - piperidinecarbcthioate ; 

3 - 2 - ?iuoropr;enyl ; propyl 1 - ! 3 , 3 - dimethyl - 2 - 
oxcpentanoyl - 2 -piperidinecarbcthioate ; and 

3 - ■ 2 - Fluor :;heny I ' prop y i 1 - ■: 2 , 3 - d i m e t h v 1 - 2 - 

oxcpentanoyl -2-piperidinecarocchioate. 

5c. The method of claim 39, wherein, in said 
compound : 

n is 2 ; and 
X is S 

57. The method of claim 56, wherein, m said 
ocmcound, 2 is CH-> . 
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58. The method of 56. wherein, in said compound, 2 
is S. 

59. The method of claim 56, wherein in said 
compound, Z is CHR, . 

60. The method cf claim 59, wherein said compound is 
2 - ( (l-Cxo- [2- (2 ' -phenyl } ethyl] -4 - phenyl } -butyl- i -(3,3- 
dimethyl - i , 2 -dicxobutyi ) piperidine . 
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FIG.4 



GPI Neuroimmunophllin Ligands Protect Striatal 
Tyrosine Hydroxylase Levels from MPTP-Toxiclty In Mice 
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